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LOG SCALING SYSTEM AND RELATED METHODS

TECHNICAL FIELD

f0001] The present disclosure generally relates {o log scaling systems
and, more particularly, new automated log scaling systems and associated

methods.

BACKGROUND

Description of the Related Art

{0002] Log scaling provides important information for the sale and
distribution of logs by detailing the amount of usable lumber a log can provide
by assigning a value to the log. Unfortunately, prior art log scaling techniques
are more cumbersome, more time consuming, and less accurate than desired.
This information can facilitate the distribution of logs to lumber mills and other
producers who take in logs in order to produce lumber materials and/or finished
wood products. By determining the amount of usable lumber a log may
contain, a sufficient number of logs may be shipped to each producer o meet
the needs of the producer without supplying the producer with too many logs for
their needs.

{0003]  Traditionally, log scaling has occurred at some point proximate to
where the log is harvested. In some instances, log scaling may occur in the
field at the point where the log is harvestad, but doing so is expensive and
could impact the speed at which harvesied logs are shipped. In other
instances, logs may be scaled at a central location that s proximate either to a
number of harvesting locations and/or along a shipping route between the
harvesting locations and a distribution or shipping point for iogs. Insuch a
situation, specialty trailers (e.g., truck, train, ship, or the like} may haul a load of

logs 1o the central scaling location and dump the logs at that location to be
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scaled at some later point in time, allowing the transporter to proceed o picking
up ancther load of logs.

f0004] Log scaling has traditionally been a labor intensive process that
tries to provide a value for the "board-feet” of each the log. Log harvesters,
lumber mills, and others in the logging and lumber industry may use the board-
feet value to determine the amount of usable lumber that a log may provide.
The logs may then be formed into a load that may be distributed to lumber mills
and other purchasers to fulfill purchase orders for a particular amount of
lumber. The traditional process, whether carried out at the harvesting location,
at a central log scaling facility, or at some other location, is time and labor
intensive, and introduces a significant amount of overhead and delay in the
shipment and distribution of logs.

f00058] There is a continuing need o provide a way to scale logs without
time and labor intensity, and without the traditionally significant amounts of

overhead and deiay in the shipment and distribution of logs.

BRIEF SUMMARY

f0006] The following is a summary of the present disclosure in order {0
provide a basic understanding of some features and context. This summary is
not intended to identify key or critical elements of the disclosure or to delineate
the scope of the disciosure. lis sole purpose is to present some concepts of the
present disclosure in simplified form as a prelude to a more detailed description
that is presented later.

[0007] An automated system for determining the diameter and/or length
of one or more logs may faciiitate the quick distribution of logs to lumber mills
and other purchasears. Such an automated system may be used to more
guickly and efficiently form loads of logs that may be distributed {0 meet the
needs of a plurality of purchasers. In addition, such an automated system may
be used to quickly and efficiently distribute harvesting information to entities

along a supply ling between the harvesting of the log and the manufacture of a
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final product using the resulting lumber from the log. Such information may be
provided almost instantanecusly at a location close o where the log is
harvested, and may thereby be used by entities along the supply chain to plan
for the delivery and distribution of the logs and lumber products. Such an
automated system may further be used for the more efficient distribution of logs
{o various producers and lumber mills.

f0008] A method to scale pluralities of logs loaded on one or more
transport trailers, each log of the pluralities of logs having afirstend and a
second end separated by a length of the respective log, may be summarized as
including for each of the one or more transport trailers, capturing, by a first
imager, a first image of the plurality of logs, the first image including a depiction
of the first end of each log of the plurality of logs; capturing, by a second
imager, a second image of the plurality of logs, the second image including a
depiction of the second end of each log of the plurality of logs; and with at least
one proceassor. generating a load identifier for each load of logs on a respective
one of the one or more transport trailers; generating a log identifier for each log
of the plurality of logs,; determining a first diameter value for the first end of each
log based upon the depiction of the first end of each respective log in the first
image; determining a second diameter value for the second end of each log
based upon the depiction of the second end of each respective log in the
second image; determining, based at least in part upon one of the first and
second diameter values, a board-feet value for each log of the plurality of logs
in each of the one or more transport trailers; storing, in a database, the first and
second images associated with each of the one or more transport trailers, the
load identifier for each load of logs, the log identifier for each log of the plurality
of logs, the first and second diameter values associated with each log of the
plurality of logs in each of the one or more transport trailers, and the board-fest
value for each log of the plurality of logs in each of the one or more transport
trailers; accumulating a plurality of board-feet values 1o form a load of logs for

distribution; and grouping a plurality of identifiers to form a distribution load, the
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plurality of identifiers drawn from the log identifiers and load identifiers stored in
the database, the distribution load representing an accumulation of board-fest
values within a determined acceptable range of a targeted total board-fest
value.

f0009] The method may further include determining, by the at least one
processor, a length value for at least one log, wherein determining the board-
feet value for the at least one log is based at least in part upon at least one of
the determined first and second diameter values and upon the determined
length value of the at least one log.

f0010] The method may further include capturing, by a second imager, a
second image of the plurality of logs, the second image including a depiction of
the second end of the at least one log in the plurality of logs, wherein
determining the length value further includes determining the length value for
the at least one log based at least upon the first image and the second image.

f0011]  The method may further inciude transmitting a first signal towards
the first end of the plurality of logs; receiving a first reflected signal resulting
from a reflection of the first signal off of the first end of the at least one log;
determining, by the at least one processor, a first iocation value for the first end
of the at least one log; transmitting a8 second signal towards the second end of
the plurality of logs; receiving a second reflected signal resulting from a
reflection of the second signal off of the second end of the at least one log; and
determining, by the at least one processor, a second location value for the
second end of the at least one log, wherein determining the length valua of the
at least one log is based at least in part on the first location value and the
second location value.

f0012] The method may further include receiving a first signal that
includes a first identifier, the first identifier which is associated with the at least
one log, wherein generating the log identifier for each log of the plurality of logs
is based at least in part upon the first identifier; storing, by the at least one

processor, a first data record on a computer readable medium, the first data
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record that includes at least the first identifier and the determined board-feet
value for the at least one log; and transmitting a second signal that includes the
first data record.

f0013] Recelving the first signal may further include receiving a first
wireless signal transmitted from a first wireless tag that is physically coupled to
the at least one log, the first wireless signal encoding the first identifier.

i0014] Receiving the first signal may further include receiving one or
more signais represantative of an image-based machine-readable symbol that
appears on the at least one log and encodes the first identifier associated with
the at least one log.

{0015] The at least one log may be comprised of a lumber component
and an ouier bark component, and determining the diameter value for the at
least one log may further include determining a {otal width value for the at least
one log; determining a bark width value Tor the at least one iog using the at
least first image, the bark width vailue which is based on the ocuter bark
component; and determining the diameter value for the at least one log based
at least in part on the total width value and the bark width value for the at least
one log.

{0016] The method may further include receiving a tree-type information
related to the at least one log, the tree-type information identifying one ocut of a
plurality of types of frees, wherein determining the board-feet value for the at
least one log is further based upon the tree-type information.

f0017] Alog scaling system 1o scale a plurality of logs that are arranged
within a transport trailer, each log within the plurality of logs including a first end
and a second end separated by a length of the respective log, may be
summarized as including a first imager that captures a first image, the first
image which depicts the first end of at least one log in the plurality of logs; at
least one processor; and at least one nontransitory processor-readable storage
device communicatively coupled {o the at least one processor and that stores

processor-executable instructions which, when executed by the at least one
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processor, cause the at least one processor {0 determine a diameter value for
the at least one log based upon the depiction of the first end of the at least one
log in the first image, and determine, basead at least in part upon the diameter
value, a board-feet value for the at least one log.

f0018] The log scaling system may further include a second imager that
captures a second image, the second image which depicts the second end of
the at least one log in the plurality of logs, wherein the at least one
nontransitory processor-readable storage device stores processor-executable
instructions which, when executed by the at least ong processor, cause the at
least one processor to further determineg a length value for the at least one log
based upon the first image and the second image, and determine the board-
feet value for the at least one log based at least in part upon the determined
diameter value and the determined length value of the at least one log.

{0018] The log scaling system may further include a third imager that
captures a third image, wherein the first image and the third image collectively
provide at least one non-chstructed depiction of each first end for each log in
the plurality of logs.

00201 The log scaling system may further include a first range finder that
generates a signal representative of a range between the first range finder and
the first end of the at least one log in the plurality of logs, wherein the at least
one nontransitory processor-readable storage device stores processor-
execuiable instructions which, when executed by the at least one processor,
cause the at least one processor to further receive the signal from the first
range finder; and determine the diameter value for the at least one log based
upon the depiction of the first end of the at least one log in the first image and
based upon the received signal reprasentative of the range between the first
range finder and the first end of the at least one log.

{00211 The log scaling system may further include a second range finder
that generates a signal representative of a range between the second range

finder and the second end of the at least one log in the plurality of logs, wherein
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the at least one nontransitory processor-readable storage device stores
processor-executable instructions which, when executed by the at least one
processor, cause the at least one processor to further receive the signal from
the second range finder, determine a first location value for the first end of the
at least one log in the plurality of logs based upon the received signal from the
first range finder; determine a second location value for the second end of the
at least one log in the plurality of logs based upon the received signal from the
second range finder; and determine a length value for the at least one log
based upon the first location value and the second location value.

f0022] The at least one nontransitory processor-readable storage device
may store processor-executable instructions which, when executed by the at
least one processor, may cause the at least one processor {o further determine
the board-feet value for the at least one log based at least in part upon the
determined diameter value and the determined length value of the at least one
log.

{0023] The log scaling system may further include a wireless receiver
that receives a signal transmitied from a wireless transmitter that is physically
coupled to the at least one log, wherein the transmitted signal encodes a first
identifier for the at least one log, wherein the at least one nontransitory
processor-readable storage device stores processor-executable instructions
which, when executed by the at least one processor, cause the at least one
processor to further store on the at least one nontransitory processor-readable
storage device a first data record that inciudes at least the first identifier and the
determined board-feet value for the at least one log.

f0024] The at least one nontransitory processor-readable storage device
may store procassor-executable instructions which, when executed by the at
least one processor, may cause the at least one processor {o further store the
first image of the plurality of logs as part of the first data record.

{0025] In some embodiments, the log scaling distribution system includes

a log scaling system, a first display, at least one processor, and at least one
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non-transitory processor-readable storage device communicatively coupled to
the at least one processor and that stores proceassor-executable instructions.
The log scaling system scales a plurality of logs that are arranged within a
transport trailer. The log scaling sysiem includes a first imager that capiures a
first image. The first image depicts the first end of each log in the plurality of
logs. The log scaling system determines a diameter value for each of the logs
based upon the depiction of the first end of each log in the first image. When
exacuted by the at least one processor, the processor-executable instructions
cause the ai least one processor to: determing a first value for each of the
plurality of logs, the first value which is based at least in part upon the diameter
value for each log and which is in a first log rule standard, and transmit an
aggregate value to be depicted on the first display, the aggregate value which is
based upon the first values determined for each of the plurality of logs.

{0026] In another aspect of some embodiments, the iog scaling
distribution system further includes a second display which is located remotely
from the first display and which transmits a first message that includes an order
for a load of logs, the order including an order value based upon at least one of
the first log rule standard or a second log rule standard, the second display
which receives a second message that includes a purchase value for the
ordered load of logs. In still another aspect of some embodiments of the log
scaling distribution system, the at least one processor receives the order for the
load of logs in which the order value is based upon the second log rule
standard. The at least one processor further executes processor-executable
instructions that cause the at least one processor to: convert the order value
from the second log rule standard to a converted order value that is based upon
the first log rule standard; identify one or more logs from the plurality of logs
scaled by the log scaling system based upon the converied order value; and
determine the purchase value for the order based at least in part upon the first

values determined for each log in the identified one or more logs.
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{0027]  Inyet ancther aspect of some embodiments of the log scaling
distribution system, the purchase value is depicted on the first display and on
the second display. The at least one processor executes processor-executable
instructions that cause the at least one processor to: receive a first acceptance
message from the first display, the first acceptance message including an
indication from a logging entity agreeing to the purchase value, receive a
second acceptance message from the second display, the second acceptance
message including an indication from a purchasing entity agreeing to the
purchase value; and in response {0 receiving the first acceptance message and
the second acceptance message, transmit an order fulfiliment message that
causes the identified one or more logs to be grouped into a distribution load of
logs.

f0028] In another aspect of some embodiments of the log scaling
distribution sysiem, each of the logs in the plurality of logs is associated with a
log identifier. The log identifier is physically coupled the associated log, the log
scaling distribution system further includes: a third terminal located remotely
from the first terminal and the second terminal, the third terminal which receives
the order fulfiliment message, and in response, displays one or more log
identifiers associated with one or more logs in the distribution load of logs.

f0029] In still ancther aspect of some embodiments of the log scaling
distribution system, the at least one processor executes processor-executable
instructions that cause the at least one processor to: associate a distribution
load identifier with the distribution load of logs. In yet another aspect of some
embodiments of the log scaling distribution system, the order fulfillment
message further includes the distribution load identifier and a delivery location
for the distribution load of logs, the log scaling distribution system further
comprising: a fourth display, the fourth display associated with a transport
trailer, the fourth display which depicts the delivery location for the distribution
load of logs. In some embodiments of the log scaling distribution system, the

order fulfiliment message causes the identified one or more logs in the
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distribution load of logs (o be loaded onto the transport trailer associated with
the fourth display.

f0030] A log scaling system to scale a plurality of logs, each log within
the plurality of logs including a first end and a second end separated by a
length of the log may be summarized as including one or more sensors that
capture at least a first image and a second image, the first image depicting the
first end of at least one log in the plurality of logs, and the second image
depicting the second end of at least one log in the plurality of logs; one or more
processors; and one or more nontransiiory processor-readable storage devices
communicatively coupled to the one or more processors and that store
processor-executable instructions which, when executed by the one or more
processors, cause the one or more processors to: determine a first end
diameter value for the at least one log based upon the depiction of the first end
of the at least one log in the first image; determine a second end diameter value
for the at least one log based upon the depiction of the second end of the at
least one log in the second image; determine a length for the at least one log
based at least in part on the first image and the second image of the at least
one log; and determine, based at least in part upon the first end diameter value,
the second end diameter value, and the length of the at least one log, a board-
feet value for the at least one log.

{0031] The one or more sensors may include at least a first end sensor
and a second end sensor. The one or more sensors may be positioned on one
or more mobile stands. The one or more mobile stands may include one or
more vertical motorized sliders. The one or more mobile stands may include
one or more horizontal motorized sliders. The one or more mobile stands may
be one or more tripods. Al least one of the one or more sensors may acquire
Lidar data. At least one of the one or more sensors may acquire stereo data.
The Lidar data and the stereo data may be fused by the log scaling system.
Data from the first image depicting the first end of at least one log in the

plurality of logs and data from the second image depicting the second end of at
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least one log in the pluralily of logs may be used to detect log locations and
determine a count of the logs. Data from the first image depicting the first end
of at least one log in the plurality of logs and data from the second image
depicting the second end of at least one log in the plurality of logs may be used
to segment logs and measure the diameters of the logs. Data from the first
image depicting the first end of at least one log in the plurality of logs and data
from the second image depicting the second end of at least one log in the
plurality of logs may be used match two ends of each log.

f0032] Alog scaling method o scale a plurality of logs, each log within
the plurality of logs including a first end and a second end separated by a
length of the log may be summarized as including using one or more sensor
systems {o capture al least a first image and a second image, the first image
depicting the first end of at least one log in the plurality of logs, the second
image depicting the second end of at least one log in the plurality of logs, the
one or more sensor systems each including one or more sensors, one or more
processors, and one or more nontransitory processor-readable storage devices
communicatively coupled to the one or more processors that siore processor-
exacutable instructions thereon; determining a first end diameter value for the
at least one log based upon the depiction of the first end of the at least one log
in the first image; determining a second end diameter value for the at least one
log based upon the depiction of the second end of the at least one log in the
second image; determining a length for the at least one log based at least in
part on the first image and the second image of the at least one log, and
calculating, based at least in part upon the first end diameter value, the second
end diameter value, and the length of the at least one log, a board-feet value for
the at least one log.

{0033] The one or more sensor systems may include at least a first end
sensor and a second end sensor. The one or more sensors may be positioned
on one or more mobile stands. The one or more mobile stands may include

one or more vertical motorized sliders. The one or more mobile stands may
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include one or more horizontal motorized sliders. The one or more mobile
stands may be one or more tripods. At least one of the ong or more sensors
may acquire Lidar data. Al least one of the one or more sensors may acquire
stereo data. The Lidar data and the siereo data may be fused by the log
scaling system.

{0034] The log scaling method may further include detecting log locations
and determining a count of the logs using data from the first image depicting the
first end of at least one log in the plurality of logs and data from the second
image depicting the second end of at least one log in the plurality of logs.

f0038] The log scaling method may further include segmenting logs and
measuring the diameters of the logs data from the first image depicting the first
end of at least one log in the plurality of logs and data from the second image
depicting the second end of at least one log in the plurality of logs.

{0036] The log scaling may further include matching two ends of each log
using data from the first image depicting the first end of at least one log in the
plurality of logs and data from the second image depicting the second end of at
least one log in the plurality of logs.

f0037] These features, with other technological improvements that will
become subseguently apparent, reside in the details of construction and
operation as more fully described hereafter and claimed, reference being had to

the accompanying drawings forming a part hereof.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
{0038] In the drawings, identical reference numbers identify similar
elements or acts. The sizes and relative positions of elements in the drawings
are not necessarily drawn to scale. For example, the shapes of various
elements and angles are not drawn to scale, and some of these elements are
sized {e.g., enlarged, reduced, or otherwise changed) and positioned to
improve drawing legibility. Further, the particular shapes of the elements as

drawn, alone or in relationship to other elements, are not intended to convey
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any information regarding the actual shape of the particular elements, and have
been solely selected for ease of recognition in the drawings.

f0038] Fgure 1A 18 an isometric view of a log scaling systermn on which is
positioned a truck and associated transport trailer, according to at least one
diustrated implementation.

{0040] Figure 1B is an isometric view of a log scaling system in which
rear imagers and forward imagers are independently positionable on
independent stands that are positioned around a stack of logs, according to at
least one illustrated implementation.

{0041] Figure 1C is a side view of a log scaling system in which rear
imagers and forward imagers are independently positionable on independent
stands that are positioned around a stack of logs on the bed of a truck,
according to at least one illustrated implementation.

{0042] Figure 1D is a perspective view of a log scaling system inwhich a
left 3D sensor is mounted on a stand with vertical and horizontal motorized
sliders and a right 3D sensor is mounted on a stand with vertical and horizontal
motorized sliders that are independently positionable around a stack of logs,
according to at least one illustrated implementation.

{0043] Figure 2A is a top plan view of a log scaling system on which is
positioned a truck and associated transport trailer, according to at least one
llustrated implementation.

{0044] Figure 2B is a top plan view of the log scaling system on which is
positioned ancther truck, an associated first transport trailer, and an associated
second transport trailer, according to at least one illustrated implementation.

f0048] Figure 3A is a depiction of an image captured by an imager, in
which the image provides a left side isometric view of a first end of a plurality of
logs, according to at least one illustrated implementation.

f0046] Figure 3B is a depiction of an image captured by an imager, in

which the image provides a right side isometric view of the first end of the
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plurality of logs shown in Figure 3A, according to at least one illustrated
implementation.

{0047] Figure 3C is a depiction of an image capturad by an imager, in
which the image provides a left side isometric view of a second end of a
plurality of logs, according o at least one illustrated implementation.

{0048} Figure 3D is a depiction of an image captured by an imager, in
which the image provides a right side isometric view of the second end of the
plurality of logs shown in Figure 3C, according o at least one illustrated
implementation.

f0048] Figure 4 is an isometric exterior view of a block diagram of a
computier that may be used by a customer, a provider, and/or a third party for
scaling a plurality of logs, according to at least one illustrated implementation.

f0080] Figure 5 is a flow diagram that illustrates scaling a plurality of logs
loaded onto one or more transport trailers, according o at least one illustrated
implementation.

{0051] Figure 6 is a flow diagram that illustrates scaling a plurality of logs
loaded onto one or more transport trailers, according to at least one illustrated

implementation.

DETAILED DESCRIPTION

[0052] Reference will now be made in detail o embodiments of the
inventive concept, examples of which are illustraied in the accompanying
drawings. The accompanying drawings are not necessarily drawn to scale. In
the following detailed description, numerous specific details are set forth to
enable a thorough understanding of the inventive concept. it should be
understood, however, that persons having ordinary skill in the art may practice
the inventive concept without these specific details. In other instances, well-
known methods, proceduraes, components, circuits, and networks have not
been described in detail 8o as not to unnecessarily obscure aspeacts of the

embodiments.
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{00583] In the following description, certain specific details are set forth in
order to provide a thorough understanding of various disclosed embodiments.
However, one skilled in the relevant art will recognize that embodiments may be
practiced without one or more of these specific details, or with other methods,
components, materials, and the like. In other instances, certain structures
associated with log scaling such as inspection/weighing points, trucks, trains,
boats, transportation trailers, wired and wireless communications protocols,
wired and wireless transceivers, radios, communications ports, geclocation,
and optimized route mapping algorithms have not been shown or described in
detall to avoid unnecessarily obscuring descriptions of the embodiments.

{00584] Reference throughout this specification to “one embodiment” or
“an embodiment” means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at least one
embodiment. Thus, the appearances of the phrases “in one embodiment” or “in
an embodiment” in various places throughout this specification are not
necessarily all referring to the same embodiment. Furthermore, the particular
features, structures, or characteristics may be combined in any suitable manner
in one or more embodiments.

{0055]  Unless the context requires otherwise, throughout the
specification and claims which follow, the word “comprise” and variations
thereof, such as, “comprises” and “comprising” are o be construed in an open,
inclusive sense, that is as “including, but not limited to.” As used in this
specification and the appended claims, the singular forms "a,” “an,” and "the”
include plural referents unless the content clearly dictates otherwise. it should
also be noted that the term “or’ is generally employed in its sense including
“and/or’ unless the content clearly dictates otherwise. The headings and
Abstract of the Disclosure provided herein are for convenience only and do not
interpret the scope or meaning of the embodiments.

{0056] Figure 1A shows a log scaling system 100 on which is positioned

a truck 102 and associated transport tratler 104, according to at ieast one
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llustrated implementation. A plurality of logs 106 may be loaded on the
transport trailer 104, which may be physically coupled to and pulled by the truck
102, The plurality of logs 106 may together form a lvad 107 of logs. The
transport trailer 104 may be adapted to carry the load 107 of logs 106. For
example, the transport trailer 104 may be comprised of a frame that includes
two or more sets of opposing posts 108 that are set across the width of the
truck in which each of the plurality of logs 106 is positioned between each set of
opposing posts 108, Each of the plurality of logs 106 may include a first end
110 located distal the truck 102, and an opposing second end 112 located
proximate the truck 102, in which the first end 110 and the second end 112 of
each respective log 106 are separated by a length 114,

{06087] The plurality of logs 106 may be arranged within the transport
trailer 104 in a plurality of rows and a plurality of columns as illustrated in Figure
1A to simplify the ilustration and associated discussion. The concepts
described herein, however, are not so limited, and it is recognized that the
plurality of logs 106 may be generally parallel, but not exactly parallel. For
example, in some implementations, many of the logs may be askew. In some
implementations, one or more of the logs 108 in the plurality of logs 106 may be
de-limbed. In some implementations, one or more of the logs 106 in the
plurality of logs may have an outer layer of bark that has not been removed
from the one or more logs 1086.

{0058] The log scaling system 100 may include a pad 101, one or more
rear imagers 116a, 116b (collectively, "rear imagers 116"}, and/or one or more
forward imagers 118a, 118b (collectively, “forward imagers 118”). The pad 101
may be sized and dimensionead such that the truck 102 and trailer 104 may be
selectively driven onto and/or off of the pad 101, In some implementations, the
pad 101 may include one or more markings and/or structures that may be used
to position the truck 102 and/or trailer 104 on the pad 101 so that the logs 106
may be scaled. In some implementations, the structure on the pad 101 may

include, for example, a bump that the tires of the truck 102 andfor trailer 104 roll
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over. In some implementations, the pad 101 may be used to take further
measurements of the truck 102 and/or trailer 104. Such further measurements
may include, for example, a measurement of the weight of the items on the pad
101.

{0089] Referring now to Figures 1B and 1C, some embodiments of the
log scaling system 100 are mobile and do not include a pad 101, Instead, the
rear imagers 116 and the forward imagers 118 are independently positionable
or mountable on independent stands 117 or mounts that may be positioned
around a stack of logs 106, as shown in Figure 1B. In some such
embodiments, the truck 102 does ot have to drive onto or into the log scaling
system 100, but rather the independently positionable rear imagers 116 and
forward imagers 118 are positioned around the truck 102, as shown in Figure
1C. In some embodiment, the rear imagers 116 and forward imagers 118 of
the log scaling system 100 are positionad inside of a fixed structure, such as a
building, roof structure, or tent. In other embodiments, the rear imagers 118
and forward imagers 118 of the log scaling system 100 are positioned outdoors.
In some embodiments of the log scaling system 100 that incorporate
independent stands 117 or mounts for the rear imagers 116 and forward
imagers 118, the log scaling system 100 further incorporates an indexing
system that calibrates the positions of the rear imagers 116 and forward
imagers 118 with respect to one another. In other aspects of some
implementations, other types of geolocation technology may be incorporated,
such as GPS (Global Positioning Systems), satellites-based location
determination systems, and the like. As shown in Figures 1B and 1C, in some
embodiments the log scaling system 100 that are mobile, the independently
positionable rear imagers 1186 and forward imagers 118 are connected
wirelessly to a computer 119 that processes the log scaling data after images
have been taken and transmitting by the rear imagers 116 and forward imagers
118. In other embodiments, the independently positionable rear imagers 116

and forward imagers 118 have a wired connection to a computer 119 that
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processes the log scaling data after images have been {aken and transmitting
by the rear imagers 116 and forward imagers 118.

{00601 In other embodiments of the log scaling system 100, the
imagers/sensors are independently positionable on mounts that incorporate
extendable and retractable arms with ong or more joints and rotation points that
hold the imagers/sensors. In such embodiments, the mounts do not need to be
moved between the scaling of different loads 107 of logs 108 since the
extendable and retractable arms are able {0 move the imagers/sensors into
proper position to obtain images and/or sensor readings for each consecutive
load 107 of logs 106 without moving the mounts.

{0061] In ancther aspect of some embodiments, additional lights are
included in the log scaling system 100 o enable the rear imagers 116 and
forward imagers 118 of the log scaling system 100 to obtain clear readings of
the one or more logs 106. The additional lights may be included in some
embodiments of the log scaling system 100 that are inside of a fixed structure
{o overcome or alleviate poor or uneven artificial lighting conditions inside the
fixed structure. Correspondingly, the additional lights may be included in some
embodiments of the log scaling system 100 that are outside of any fixed
structure to overcome or alleviate poor or uneven natural lighting conditions
outside of any fixed structure. Furthermore, in some embodiments of the log
scaling system 100 the imagers are three dimensional (3-I3) sensors.

{0062] In still another aspect of some embodiments, the log scaling
system 100 is mobile as opposed to fixed. In some embodiments of thea log
scaling system 100 that are mobile, the log scaling system 100 includes one or
more power sources {e.g., batteries) as well as satellite, cellular, or other
wireless connectivity. In some embodiments, a single independently
positionable 3-D sensor on a stand 117 {e.g., a tripod stand, as shown in
Figures 1B and 1C) may be moved {o multiple positions around the stack of
logs 106 so that only one or two independently positionable 3-0 sensors are

needed, instead of four or more fixed sensors or imagers.
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{0063] Referring now to Figure 1D, in yet ancther aspect of some
embodiments, the mobile log scaling system 100 includes a first end 3D sensor
150 and a second end 3D sensor 160 that are each mounted to stands 170 and
180. Each stand has two motorized sliders (horizonial sliders 172 and 182, and
vertical sliders 174 and 184) that move in both vertical directions and horizontal
directions to capture any views for the logs from the vertical plane created by
the stands 170 and 180 with the motorized sliders. Specifically, in one or more
embodiments of the log scaling system 100, the first end 3D sensor 150 is
operatively associated with a first end stand 170 having a horizontal motorized
slider 172 that moves the first end 3D sensor 150 in a horizontal direction.
Additionally, the first end 3D sensor 150 is also operatively associaled with a
vertical motorized slider 174 of the first end stand 170 that moves the first end
3D sensor 150 in a vertical direction. Correspondingly, in one or more
embodiments of the log scaling system 100, the second end 3D sensor 160 is
operatively associated with a second end stand 180 having a horizontal
motorized slider 182 that moves the second end 3D sensor 160 in a horizontal
direction. Additionally, the second end 3D sensor 160 is also operatively
associated with a vertical motorized slider 184 that move that moves the
second end 3D sensor 160 in a vertical direction.

f0064] The transport trailer 104 may be positioned along the log scaling
system 100 such that the one or more rear imagers 116a may be positioned to
capture images of the first end 110 of one or more logs 106 in the plurality of
logs. For example, the left rear imager 116a may capture a depiction of the first
end 110 of the plurality of logs 106 from a left, rear vantage point. In some
implementations, the left rear imager 116a may be positioned at a height that is
relatively at or above a top row 120 of the plurality of logs 1086, In some
implementations, the left rear imager 116a may be positioned at a height that is
relatively at or below a bottom row 122 of the plurality of logs 106. In some
implementations, the left rear imager 116a may be positioned at a height that is

relatively between the top row 120 and the bottom row 122 of the plurality of
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logs. In some implementations, the left rear imager 116a may have a
selectively adjustable height. For example, the left rear imager 118a may be
coupled to a post 124 that has a selectively adjustable haight. In such an
implementation, the height of the left rear imager 116a may be selectively
adjusted. As such, the left rear imager 116a may capture a plurality of
depictions of the first end 110 of the plurality of logs 106, with each depiction
being captured at a different height.

f0065] The right rear imager 116b may capture a depiction of the first
end 110 of the plurality of logs 106 from a right, rear vantage point. In some
implementations, the right rear imager 116b may be positionad at a height that
is relatively at or above the top row 120 of the plurality of logs 106, In some
implementations, the right rear imager 116b may be positioned at a height that
is relatively at or below the bottom row 122 of the plurality of logs 106. In some
implementations, the right rear imager 116b may be positioned at a height that
s relatively between the top row 120 and the bottom row 122 of the plurality of
logs. In some implementations, the right rear imager 116b may have a
selectively adjustable height. For example, the right rear imager 116b may be
coupled to a post 126 that has a selectively adjustable haight. In such an
implementation, the height of the right rear imager 116b may be selectively
adjusted. As such, the right rear imager 116b may capture a plurality of images
of the first end 110 of the plurality of logs, with each image being caplured at a
different height.

f0066] The images of the first end 110 of the plurality of logs 106
captured by one or both of the rear imagers 116 may be used to determine a
value for a diameter 128 for the first end(s) 110 of one or more of the plurality of
logs 106. In some implementations, the value for the diameter 128 for the first
end 110 of a log 106 may be based upon a measured or determined distance
between opposing sides of the first end 110 of the log 108, As discussed
below, the vaiue for the diameter 128 may be based upon the depictions of the

first ends 110 of the plurality of logs 106 captured by one or more of the rear
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imagers 116. In some implementations, for example, the value for the diameter
128 for the first end of a log 108 may be based a number of pixels separating
opposing sides of the log within one of the images captured by one of the rear
imagers 116, in which gach pixel is determined (o extend across a defined
length.

{0067] In some implementations, the defined length for a pixel may be
modified based upon a distance between the rear imager 116 and the first end
110 of the log 108, Such a distance may be based, for example, on a focal
length of the imager 116. In some implementations, one or more range finders
134 may be used to determine a range or distance between one or more of the
rear imagers 116 and the first end 110 of one or more of the iogs 106. In some
implementations, for example, the range finder 134 may use a time-of-flight
measurement to detect the distance betweean the range finder 134 and an
object, such as the first end 110 of the logs 106. Thus, for example, the defined
length of a pixel may increase as the distance between the imager 116 and the
first end 110 of the log 106 increases. In some implementations, the value for
the diameter 128 for the first end 110 of a log 106 may be based upon
depictions of the first end 110 of the log 106 captured in a plurality of images
taken by one or both of the rear imagers 116. Such a value for the diameter
128 of the first end 110 of the log 106 may be used to determine a board-feet
value for the log 106,

{06068] The transport trailer 104 may be positioned along the log scaling
system 100 such that the one or more forward imagers 118 may be positioned
to capture images of the second end 112 of one or more logs 106 in the
plurality of logs. For exampie, the left forward imager 118a may capture a
depiction of the second end 112 of the plurality of logs 106 from a left, forward
vantage point. In some implementations, the left forward imager 118a may be
positioned at a height that is relatively at or above the top row 120 of the
plurality of logs 106. In some implementations, the left forward imager 118a

may be positioned at a height that is relatively at or below the bottom row 122
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of the plurality of logs 106. In some implementations, the left forward imager
118a may be positioned at a height that is relatively between the top row 120
and the bottom row 122 of the plurality of logs. In some implementations, the
left forward imager 118a may have a selectively adjustable height. For
example, the left forward imager 118a may be coupled to an arm 130 that may
be selectively rofatable about one or more axes of rotation. In such an
implementation, the height and/or lateral position of the left forward imager
118a may be selectively adjusted. As such, the left forward imager 118a may
capture a plurality of depictions of the second end 112 of the plurality of logs
106, with each depiction being captured at a different height.

{0069] The right forward imager 118b may capture a depiction of the
second end 112 of the plurality of logs 106 from a right, forward vaniage point.
In some implementations, the right forward imager 118b may be positioned at a
height that is relatively at or above the top row 120 of the plurality of logs 106.
In some implementations, the right forward imager 118b may be positioned at a
height that is relatively at or below the bottom row 122 of the plurality of logs
106. In some implementations, the right forward imager 118b may be
positioned at a haight that 1s relatively between the top row 120 and the bottom
row 122 of the plurality of logs 108, In some implementations, the right forward
imager 118b may have a selectively adjustable height. For example, the right
rear imager 116b may be coupled to an arm 132 that may be selectively
rotatable about one or more axis of rotation. In such an implementation, the
height and/or lateral position of the right forward imager 118b may be
selectively adjusted. As such, the right forward imager 118b may capture a
plurality of images of the second end 112 of the plurality of logs 108, with sach
image being capturad at a different height.

{06070] The images of the second end 112 of the plurality of logs 106
captured by one or both of the forward imagers 118 may be used to determine
a value for a diameter (not shown) for the second end(s) 112 of one or more of

the plurality of logs 106. In some implementations, the value for the diameter
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for the second end 112 of a log 106 may be based upon a measured or
determined distance between opposing sides of the second end of the log 108,
As discussead below, the value for the diameter of the second end 112 of the log
106 may be based upon the depictions of the second ends 112 of the plurality
of logs 106 captured by one or more of the rear imagers 116, In some
implementations, for example, the value for the diameter of the second end 112
of a log 106 may be based a number of pixels separating opposing sides of the
second end 112 of the log 106 within one of the images captured by one of the
rear imagers 116, in which each pixel is determined to extend across a defined
length.

{6071]  In some implementations, the defined length for a pixel may be
modified based upon a distance between the rear imager 116 and the first end
110 of the log 108, Such a distance may be based, for example, on a focal
length of the imager 116. In some implementations, one or more range finders
may be used to determine a range or distance between one or more of the
forward imagers 118 and the first end 110 of one or more of the logs 106, as
discussed above. Thus, for example, the defined length of a pixel may increase
as the distance between the imager 116 and the second end 112 of the log 106
increases. In some implementations, the value of the diameter for the second
end 112 of the log 106 may be based upon depictions of the second end 112 of
the log 106 captured in a plurality of images taken by one or both of the forward
imagers 118. Such a diameter value may be used to determine a board-feet
value for the log 106.

{0072] In some implementations, one or both of the rear imagers 116
and/or the forward imagers 118 may be used to determing a value for the
length 114 of one or more of the logs 106 in the plurality of logs. For example,
in some implementations one or more of the rear imagers 116 and/or the
forward imagers 118 may capture a depiction within one or more images that
shows a top portion 136 of one or more logs 106 in which the top portion 136

extends from the first end 110 of the log 106 to the second end 112 of the log
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106, In such an implementation, the depiction of the top portion 136 of the log
106 may be used o determine a value for the length 114 of the log 106 by, for
example, counting the pixels between the first end 110 and the second end 112
of the depiction of the log 106.

f0073] In some implementations, images and measurements from one or
more of the rear imagers 116, the forward imagers 118, and/or the range
finders 134 may be used to determine the length 114 of the log 106 using
relative coordinate locations of the first end 110 and/or the second end 112 of
one or more of the logs 106. In such an implementation, for example, the
distances between and relative positions of each of the rear imagers 116 and
the forward imagers 118 may be known. As such, an offset between the rear
imager 116 and the first end 110 of each log 106 may be determined. Such an
offset may be used to determine the position and/or coordinates of the
respective first ends 110 of each log 108 relative to the rear imager 116, Such
an offset may be based upon the distance between the rear imager 116 and the
first end 110 of the log 106 (using, for example, the focal length of the rear
imager 116), as well as an angle at which the rear imager 116 is positioned
relative to a line that extends between the two rear imagers 116. Using the
angle and distance information, a relative location of the first end(s) 110 of one
or more logs 106 may be determined. In addition, an offset between the
forward imager 118 and the second end 112 of each log 106 may likewise be
determined using, for example, focal length and angle information involving the
forward imager 118. Such an offset for the second end 112 of the log 106 may
be used to determine a position of the second end 112 relative o the forward
imager 118. Thus, the length 114 of each log 106 may be determined based
upon the relative position information for the first end 110 and the second end
112 of each log.

f0074] In some implementations, the log scaling system 100 may include
a wireless transceiver 138. Such a wireless transceiver 138 may be used, for

example, to receive signals transmitied from one or more wireless tags, such as
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wireless tags 140 that may be physically coupled, for exampile, 10 oneg or more
logs 106, to the truck 102, and/or to the trailer 104. Such wireless tags 140
may be used to identify one or more of the logs 106 individually. Such wirgless
tags 140 may be used {0 identify a plurality or set of logs 106 as a group. Such
wireless tags 140 may be used to identify the truck 102 and/or driver.

{0075] In some implementations, the log scaling system 100 may inciude
a processor-enabled controller 142 that may be communicatively coupled to
one or more of the rear imagers 116, the forward imagers 118, the range
finder(s) 134, and/or the wireless transceiver 138. The processor-enabled
controlier 142 may be used to determine one or more of the diameter values,
length vaiue, and/or board-feet value, as discussed below, for one or more of
the logs 106 included within the plurality of logs being transported by the trailer
104. In some implementations, the processor-enabled controller 142 may be
located proximate the pad 101, In some implementations, the procassor-
enabled controller 142 may be removed from the pad 101, and may be
communicatively coupled to the various other components of the log scaling
system 100 via one or more communications networks. Such communications
networks may be, for example, one or more LANs and/or WANs, and may
include well-known wired or wireless enterprise~-wide computer networks,
intranets, extranets, and the internet. In some implementations, the processor-
enabled controller 142 may be communicatively coupled to a plurality of log
scaling systems 100.

f0076] Figures 2A and 2B show a log scaling system 200 that may be
used (o scale logs on one or more types of truck and trailer configurations. As
shiown in Figure 24, for example, a first truck 202 and associated transport
trailer 204 are positioned on the log scaling system 200, whereas Figure 2B
shows a second truck 206 and two associated trailers 208a, 208b that are
positioned on the log scaling system 200 in which a gap 222 is present between
the two trailers 208a and 208b. The trailers 204 and 208a, 208b may be used

to transport a plurality of logs. The log scaling system 200 may include a pad
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210, one or more rear imagers 212, and one or more forward imagers 214, In
some implementations, the pad 210, the rear imagers 212, and the forward
imagers 214 may be similar to the pad 101, the rear imagers 1186, and the
forward imagers 118 discussed above.

00771 In some implementations, the log scaling system 200 may include
one or more range finders 216a, 216b that may be used to determing a
distance between the range finders 216a, 216b and the first end 110 and/or the
second end 112, respectively, of one or more logs 106 in the plurality of logs
being transported on the trailers 208a and/or 208b, as discussed above with
range finder. In such implementations, the range finders 216a, 216b may emit
one or more signais 222a, 222b towards the first end 110 and/or the second
end 112, respectively, of each log 106. The range finders 216a, 216b may
receive a reflected signal 224a, 224b that has been reflected from the first end
110 and/or the second end 112, respectively, of one of the logs 106 in the
plurality of logs. The distance of the first end 110 and/or the second end 112 of
the log 106 from the range finders 2163, 216b may be determined, for example,
by using a time-of-flight determination. In some implementations, the distance
and direction between the range finders 216a, 216b and the first end 110
and/or the second end 112 of the log 106 may be used to determine a position
of the first end 110 and/or the second end 112 of the log 106 relative {o the
range finders 218a, 216b. Such a relative position may be used to determine a
value for the length 114 of one or more of the logs 106. For example, in some
implementations, the relative position data may be used to determine a first
coordinate value o be associated with the first end 110 of the log 106 and a
second coordinate value to be associated with the second end 112 of the log
106. The value associated with the length 114 of the log 106 may be
determined based upon the first coordinate value and the second coordinate
value.

{0078] The log scaling system 200 may include one or more presence

detectors 218 that may be used o detect a presence of an object on the pad

26



WO 2020/060845 PCT/US2019/050903

210. In some implementations, the presence detector 218 may transmit a light
or other signal and determineg a presence of an object based upon refiection of
the light or other signal that the presence detector 218 receives. in such an
implementation, the presence detector 218 may have a field-of-view 220 in
which the presence detector 218 transmits the light or other signal in a direction
towards the pad 210. The presence detector 218 may then detect a reflected
signal when an object is located on the pad 210 in the path of the light or other
signal. In some implementations, the set of presence detectors 218 may
function together {0 determine the presence of an object. For example, in some
implementations, one of the presence detectors 218 may transmit a signal
laterally across the pad 210 in the direction of the second presence detector
218, which may be located on the opposite side of the pad 210. The second
presence detector 218 may determine the presence based upon whether i
receives the signal transmitted by the first presence detectors 218.

f0079] In some implementations, the presence detectors 218 may be
used to determine the number of trailers that are physically coupled to a truck.
In such an implementation, for example, the presence deteciors 218 may be
placed at a height corresponding to a height above ground at which a trailer
may be carrying a load 107 of logs 106. The load 107 of logs 106 being carried
by a trailer may thereby be detected as the truck 202, 206 transports the trailer
across the pad 210. In implementations in which the first truck 202 carries a
single trailer 204, then the presence detectors 218 may indicate a continuous or
near continuous presence of an object within the fisld-of-view 220 of the
presence detector 218 as the first truck 202 transports the single trailler 204
across the pad 210. In situations in which the a truck transports muitipie trailers
{e.g., as with second truck 208), the presence detectors 218 may detect the
gap 222 between the first trailer 208a and the second trailer 208b as the
second truck 206 transports the two associated trailers 208a, 208b across the
pad 210, In such situations in which the truck 206 pulls multiple trailers, the log

scaling system 200 may modify the types of measurements being taken. For
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example, in a multiple trailer situation, the log scaling system 200 may not
provide a value related to length of any of the logs 106. As such, the log
scaling system 200 may only provide a value related to a diameter for one end
of each log in the first frailer 208a and for one end of each log in the second
trailer 208b.

{0080] In some implementations, the log scaling system 200 may have
multiple sets of imagers that may be selectively activated and/or deactivated
depending upon the number of trailers being pulled by a truck. For example, in
the situation involving the second truck 206, the log scaling system 200 may
selectively activate a third set of imagers 224 located proximate the gap 222
between the first trailer 208a and the second trailer 208b. As such, the third set
of imagers 224 may be used to caplure images of either or both ends of the
logs 106 in the first trailer 208a and/or the second trailer 208k that are located
proximate the gap 222, in such an implementation, the log scaling system 200
may be used to determine a length for each log 106 in the first trailer 208a
and/or the second trailer 208b.

{0081] Figures 3A and 3B show a first image 300 and a second image
302 captured by respective imagers, in which the first image 300 is taken from
the left, rear portion of a plurality of logs 106 and in which the second image
302 is taken from the right, rear portion of the plurality of logs 108, according to
at least one illustrated implementation. One or more of the logs 108 in the
plurality of logs 106 may have an outer layer of bark (e.g., a bark component
316}, and an interior component for lumber {(e.g., a lumber component 322).
Each of the first image 300 and the second image 302 may have a height 304
and a width 306. The first image 300 and the second image 302 be comprised
of a plurality of pixels. The plurality of pixels may be arranged in a plurality of
rows that extend along the respective heights 304 of the first image 300 and the
second image 302, and a plurality of columns that exiend along the respective
widths 306 of the first image 300 and the second image 302.
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{0082] Referring to Figures 3A and 3B, each of the first image 300 and
the second image 302 may contain a depiction of a first end 110 of at least one
of the logs 106 in the plurality of logs. In some implementations, the depictions
of at least some of the first ends 110 may be obstructed, such as shown, for
example, with first ocbstructed log 308 in Figure 3A and second obstructed log
310 in Figure 3B. Preferably, the depictions of the first end 110 captured by the
first image 300 and the second image 300 includes at least one non-obstructed
depiction of the first end 110 of each log 106 in the plurality of logs. In some
implementations, the depictions of the first end 110 captured by the first image
300 and the second image 300 includes at least one non-obstructed depiction
of the first end 110 of substantially every log 106 in the plurality of logs (e.g.,
ninety percent, ninety-five percent, or more of the logs 106 in the plurality of
logs).

{0083] Referring to Figures 3C and 3D, each of the first image 350 and
the second image 352 may contain a depiction of a second end 112 of at least
one of the logs 106 in the plurality of logs. In some implementations, the
depictions of at least some of the second ends 112 may be obstructed, such as
shown, for example, with first obstructed log 358 in Figure 3C and second
obstructed log 360 in Figure 3C. Preferably, the depictions of the second end
112 captured by the first image 350 and the second image 352 includes at [east
one non-cbhstructed depiction of the second end 112 of each log 106 in the
plurality of logs. In some implementations, the depictions of the second end
112 captured by the first image 350 and the second image 352 includes at least
one non-obstructed depiction of the second end 112 of substantially every log
106 in the plurality of logs (e.g., ninety percent, ninety-five percent, or more of
the logs 106 in the plurality of logs).

{0084] The first image 300 and the second image 302 may be used {o
determine a diameter value 312 for the first end 110 of one or more logs 106 in
the plurality of logs. The diameter value 312 may correspond o the diameter of

the first end 110 of the log 106 being depicted. In some implementations, the
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diameter value 312 of a log 106 may be determined based on the number of
pixels between opposing sides 314a, 314b of the log 106. Insome
implementations, the diameter value 312 of a log 106 may be based upon a
maximum distance between opposing sides 314a, 314b of the log 106. As
such, the maximum distance may be determined based upon the number of
pixels between the opposing sides 314a, 314b of the log 106. In such
implementations, each pixel in each of the first image 300 and/or the second
image 302 may correspond {0 a determined distance. Accordingly, the
diameter value 312 may be determined based upon the number of pixels
between the opposing sides 314a, 314b of the log 106.

{0085] In some implementations, the diameter value 312 may exclude
any bark component 316 located along the opposing sides 314a, 314b of the
log 106, In such implementations, for example, the interior portion of the first
end 110 of the log 106 between the bark component 316 may be identified and
used o determine the diameter value 312 associated with the lumber
component 322 of the log 108, In some implementations, a width value 324
may be determined between opposing outside edges of each first end 110 of a
log 106. A bark width value 326 may be determined in such implementations
for each of the opposing sides of the first end 110 of the log 106 at which the
width value 324 is determined. The bark width value 326 may be associated
with a length of the bark component 316 along a line that is used t0 measure
the widih value 324. Each of the bark width values 326 may be deducted from
the width vailue 324 {o determine the diameter value 312 for the first end 110 of
the log 106 in which the diameter value 312 is associated with the lumber
component 322 of the log 106,

{0086] In some implementations, the determined distance associated
with each pixel in the first image 300 and/or the second image 302 may be
based upon one or more characteristics of the respective first image 300 and
the second image 302. For example, as shown in Figure 3A, the determined

distance for each pixel in the first image 300 may be based upon a distance
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between the imager used o capture the first image 300 and the first ends 110
of the logs 106 depicted in the first image 300. For example, the determined
distance for each pixel may be relatively larger the greater the distance
between the imager used to capture the first image 300 and the first ends 110
of the logs 106 depicted in the first image 300. The distance between the
imager used o capture the first image 300 and the first ends 110 of the logs
106 depicted in the first image 300 may be based, for example, upon a focal
length of the imager used to capture the first image 300. In some
implementations, the distance between the imager used {0 capture the first
image 300 and the first ends 110 of the logs 106 depicted in the first image 300
may be based upon a measurement taken by another device, such as the
ranger finder 134. In some implemeniations, the determined distance
associated with each pixel may be based upon other considerations. For
example, in some implementations, the determined distance may be based
upon an angle at which the first end 110 of each log 106 is depicted. For
example, in such implementations, the greater angle at which the first end 110
is depicted in the first image 300, the relatively greater the determined distance
for each pixel.

{0087] In some implementations, a plurality of width values may be
determined for the distance between opposing sides of a log 106. For example,
for a non-symmetrical log 328 {(Figure 3A), a first width value 332 may be
determined between opposing sides of the non-symmetrical log 328 along a
substantially vertical axis, and a second width value 334 may be determined
between opposing sides of the non-symmetrical log 328 along a substantially
horizontal axis. Additional width values may aiso be taken between opposing
sides of the non-symmetrical log 328. The diameter value for the non-
symmedtrical log 328 may be equal {0 either or a combination of the first width
value 332 and/or the second width value 334 and/or any other width values that
are determined. For example, in some implementations, the diameter value for

the non-symmetrical log 328 may be equal to the greater of the first width value
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332, the second width value 334, and any other width values determined for the
non-symmetrical log 328. In some implementations, the diameter vaiue for the
non-symmetrical log 328 may be equal to the average of the first width vailue
332, the second width value 334, and any other width values determined for the
non-symmetrical log 328.

{0088] Although the discussion above of Figures 3A and 3B describeg the
first end 110 of the logs 108, the same techniques may be applied to depictions
of the second end 112 of the logs 106 to obtain a diameter value for the second
ends 112 of one or more of the logs 106 in the plurality of logs.

{0089] One or more of the logs 108 may include one or more machine-
readable symbols, such as a log-based machine-readable symbol 318 andior a
load-based machine-readable symbol 320. Such a machine-readable symbol
may be visual, such as a barcode symbol and/or a QR code symbaol, and/or
such a machine-readable symbol may be transmitted as part of a wireless
signal, such as may occur, for example, using a RFID transmitter. The log-
based machine-readable symbol 318 may be used {0 encode information that
uniquely identifies each log 106 in the plurality of logs. In some
implementation, the log-based machine-readable symbol 318 may be used to
uniguely identify each log 106 within the plurality of logs. In some
implementations, the log-based machine-readable symbol 318 may also
encode information related to the log 106, such free-iype information that
identifies the type of tree for the log 106. The load-based machine-readable
symbaol 320 may be used to identify a set or plurality of logs 106, such as, for
exampile, the plurality of logs 106 being transported the trailer 104.

f0090] In another aspect of some implementations, the information
captured in the first image 300 and/or the second image 302 may be used to
determine tree-type information that identifies the type of tree or species of iree
for the log 106. In one or more such implementations, the first image 300
and/or the second image 302 determine the type of tree or species of tree for

the log 106 by accessing a database of various images of types or specias of
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freaes and comparing the first image 300 and/or the second image 302 against
the images of types or species of trees in the database and then using machine
learning to match the first image 300 and/or the second image 302 {0 a known
type or species of tree in the database. In other implementations, other
techniques are used {o identify the type of tree or species of tree for the log 106
from the first image 300 and/or the second image 302. in some
implementations, the identification of the type or species of tree for the log 106
is used in the determination of the board-feet value or other value of the log.
f0091] Figure 4 shows a block diggram of a control system 400 that may
be used by a customer, a provider, and/or a third party for scaling a plurality of
logs 106, according to at least one illustrated implementation. Such a control
system 400 may be used, for example, as the processor-enabled controller 142
that may be communicatively coupled o one or more log scaling systems 100,
{0092] The control system 400 may take the form of any current or future
developed computing system capable of executing one or more instruction sets.
The control system 400 includes a processor 402, a system memory 404 and a
system bus 406 that communicably couples various sysiem components
including the system memory 404 {o the processor 402, The control system
400 will at times be referred 1o in the singular herein, but this is not infended to
limit the embodiments {0 a single system, since in certain embodiments, there
will be more than one system or other networked computing device involved.
Non-limiting examples of commercially available systems include, but are not
imited to, an Atom, Pentium, or 80x86 architecture microprocessor as offered
by intel Corporation, a Snapdragon processor as offered by Qualcomm, Inc., a
PowerPC microprocessor as offered by IBM, a Sparc microprocessor as offered
by Sun Microsystems, Inc., a PA-RISC series microprocessor as offerad by
Hewlett-Packard Company, an AS or AB series processor as offered by Apple
Inc., or a 68xxx series microprocessor as offered by Motorola Corporation.
{0083] When so arranged as described herein, each processor 402 or

processor-based computing device may be transformed from a generic and
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unspecific computing device {c a combination device comprising hardware and
software configured for a specific and particular purpose. When so arranged as
described herain, to the exient that any of the inventive concepts described
herein are found by a body of competent adjudication {o be subsumed in an
abstract idea, the ordered combination of elements and limitations are
expressly presented to provide a requisite inventive concept by transforming
the abstract idea into a tangible and concrete practical application of that
abstract idea.

f0094] In more detail, within the log scaling systems and methods
discussed in the present disclosure, log scaling calculations are generated in a
computing device in real time, and one or more values resulting from such
calculations may be communicated via a wired or wireless network such as the
Iinternet. These innovative techniques dascribed in the present disclosure are
new and useful, and the innovation is not well-known, routine, or conventional
in the logging and log scaling industry.

{0085] The innovation described herein may use some known building
blocks combined in new and useful ways along with other structures and
imitations to create something more than has heretofore been conventionally
known. The embodiments improve on computing systems which, when un-
programmed or differently programmed, cannot perform or provide the specific
log scaling features claimed herein. The embodiments described in the present
disclosure improve upon known log scaling processes and techniques.
Furthermore, the combination of acts as described in conjunction with the
present embodiments provides new information, motivation, and business
results that are not already present when the acts are considered separately.

[0096] There is no prevailing, accepted definition for what constitutes an
abstract idea. To the extent the concepts discussed in the present disclosure
may be considerad abstract, the claims present tangible, practical, and

concrete applications of said allegedly abstract concepts.
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{0087] The embodiments described herein use computerized technology
to improve the technology of log scaling, but there other techniques and tools
remain available to scale logs. Therefore, the claimed subjaect matter does not
foreclose the whole or even substantial log scaling technological area.

f0098] The processor 402 may be any logic processing unit, such as one
or more central processing units (CPUs), microprocessors, digital signal
processors (DSPs), application-specific integrated circuits (ASICs), field
programmable gate arrays (FPGAS), programmable logic controllers {(PLCs),
etc. In some implementations, some or all of the processor 402, the memory
404, and one or more other components discussed below may be included
within a singie integrated circuit, such as may occur, for example, with a system
on chip {(500).

f0098] The system bus 406 can employ any known bus structures or
architectures, including a memory bus with memory controlier, a peripheral bus,
and a local bus. The system memory 404 includes read-only memory (*ROM”)
4(8 and random access memory ("RAM”) 410. A basic input/output system
("BIOS") 412, which can form part of the ROM 408, contains basic routines that
help transfer information betweean elemeants within the control system 400, such
as during start-up. Some implementations may employ separate buses for
data, instructions and power.

{01001  The control system 400 also includes one or more internal
nontransitory storage systems 414, Such internal nontransitory storage systems
414 may nclude, but are not limited {o, any current or fulure developed persistent
storage device 416. Such persistent storage devices 416 may include, without
limitation, magnetic storage devices such as hard disc drives, electromagnetic
storage devices such as memrasistors, molecular storage devices, quantum
storage devices, electrostatic storage devices such as solid state drives, and the
like.

041011  The one or more intermal nontransitory storage systems 414

communicate with the processor 402 via the system bus 408. The one or more
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internal nontransitory storage systems 414 may inciude interfaces or device
controllers (not shown) communicably coupled between nontransitory storage
system and the system bus 406, as is known by those skilled in the relevant art.
The nontransitory storage systems 414 and associated storage devices 416
provide nonvolatile storage of computer-readable instructions, data structures,
program modules and other data for the control system 400. Those skilled in the
relevant art will appreciate that other types of storage devices may be employed
to store digital data accessible by a computer, such as magnetic cassettes, flash
memory cards, RAMs, ROMs, smart cards, efc.

f0102] Program modules can be stored in the system memory 404, such
as an operating system 418, one or more application programs 420, other
programs or modules 422, drivers 424 and program data 426. The application
programs 420 may be stored as one or more exacutable instructions.

{0103] The application programs 420 may include, for example, one or
more machine executable instruction sets (i e., diameter value instruction set
420a) capable of determining a diameter value for one or more of the first end
110 and/or second end 112 of a log 106. In some implementations, the
diameter value instruction set 420a may identify opposing sides within a
depiction of the first end 110/second end 112 of the log, such as a depiction
capiured by one or more imagers (e.g., rear imagers 116}, The diameter value
instruction set 4203 may determine the number of pixels that are between the
identified opposing sides, and may determine and/or associale a distance with
each pixel. As such, the diameter value instruction set 420a may determine a
diameter value by multiplying the number of pixels between the opposing sides
of the end of a log 106 by the distance associated with an individual pixel. In
some implementations, the diameter value instruction set 420a may determine
the distance associated with each pixel, based, for example, upon the distance
between the imager that captured the depiction and the end of the log being
depicted. Such a determination of distance may be based, for example, upon

the focal length of the imager.
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{0104] The application programs 420 may include, for example, one or
more machine exacutable instruction sets (i.e., length value instruction set
4200} capable of determining a length value for one or more of the logs 106 in
the plurality of logs. Such a length value may be determined, for example,
based upon a depiction that shows the length 114 of a log 106 between the first
end 110 and the second end 112. Such a length may be based, for example,
upon the number of pixals between the first end 110 and the second end 112,
In some implementations, the length value instruction set 420b may determine
the relative positions of the first end 110 and the second end 112 of the log 106,
and use the relative positions to determine the length vaiue. In such an
implementation, the distance betweaen the rear imagers 116 and the forward
imagers 118 may be determined. In addition, the distance and position of the
first end 110 of the log 106 may be determined relative to the rear imagers 116
in which the relative position of the first end 110 of the log 106 is siored as a
first location value. The distance and position of the second end 112 of the log
106 may be determined relative to the forward imagers 118 in which the relative
position of the second end 112 of the log 106 is stored as a second location
value. In some implementations, the relative positions and/or location values of
the first end 110 and the second end 112 of the iog 106 may be used {o
determine the length value for the log 106.

{0105] The application programs 420 may include, for example, one or
more machine executable instruction sets (board-feet value instruction set
420c) capable of determining a board-feat vaiue for one or more of the logs 106
in the plurality of logs. In such an implementation, the board-fest value
instruction set 420¢ may use one of the diameter value for at least one of the
first end 110 and/or the second end 112 of the log 106 as determined by
diameter value instruction set 420a, as well as the length value determined for
the log 106 by the length value instruction set 420b, to determine the board-fest
value for the log 106. Such a board-feet value may be determined, for

example, by multiplying the lesser of the diameter valuas determined for the log
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106 by the length value determined for the log 106 to determine a product
value. The resulting product value may then be compared to values in a board-
feet table {0 determine the board-fest value. Various types of board-feet {ables
may be used o determine the board-feet value, including, for example, the
Scribner Decimal C Log Rule Table, the Doyle Log Scale, and the International
Log Scale.

i0108] The application programs 420 may include, for example, one or
more machine executable instruction sets (log scaling instruction set 420d)
capable of creating, modifying, and storing data records that contain information
and/or data related to one or more of the logs 106. Such data records may
include, for example, a log record 4324, a load record 432b, and a distribution
record 432¢, each of which may be stored in the noniransitory storage systems
414 and/or in program data 426. The log record 432a may include data and
information related to a single log 106, Such information for sach log 106 may
include, for example, the log identifier 434, a diameter value 312 determined by
diameter value instruction set 420a, a length value 438 determined by length
value instruction set 420b, a board-feet value 440 determined by board-feet
instruction set 420c¢, one or more images 442 that depict some or all of the log
106 (e.g., the first end 110 and/or the second end 112 of the log 106), and a
free type dentifier 444 as encoded, for example, by the tree type machine-
readable symbol 318 and that identifies the type of tree for the log 106.

{0107] Each load record 432b may include information related {o ong or
more log records 432a, such as first log record 432a-1, second log record
432a-2, third log record 432a-3, and fourth log record 432a-4, that collectively
form a load record 432b. Each of the log records 432a may identify logs 106
that are being transported by the same trailer 104, In some implementations,
the load record 432b may store pointers to one or more individual log records
4323 that indicate a set of logs 106 being transported by the trailer 104 and that

together form a load 107, In some implementations, the load record 432b may
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include a load identifier 446 that may be used to uniguely identify the load 107
of logs 106 being transported by the trailer 104

f0108] Each distribution record 432¢ may identify a plurality of logs 108
from a plurality of loads 107 of logs. Such a distribution record 432¢ may be
used, for example, to fulfill an order for a specified board-feet of lumber that is
{0 be distributed or shipped to a customer. The distribution record 432¢ may be
comprised, for example, by a set of one or more log records 432a that specify a
plurality of logs 106. In some implementations, the distribution record 432¢
may be comprised of a set of information that identifies specific logs 106, such
as pointers 1o log records 434a and/or a list of log identifiers 434,

{0109]  In some implementations, one or more distribution records 432¢
may be formed based upon an order received from a customer. For example, a
customer may request a certain amount of board-feet of lumber {0 be delivered
within a set period of time. The processor-enabled device may aggregate logs
106 into a distribution load to meet the amount of board-feet requested by the
customer. In some implemeniations, the processor-enabled device may take
logs 106 from different loads 107 (e.g., loads 107 from different trailers 104)
and form a distribution load of logs 106 to fulfill an order. In some
implementations, the processor-enable device may be filling multiple requests
or orders for board-feet of lumber, potentially from different customers. In such
an implementation, the processor-enabled device may form multiple distribution
records 432¢ identifying multiple sets of logs 106, with each distribution record
432 being associated with each order. In such an implementation, the
processor-enabled device may use different criteria for forming the multiple
distribution loads of logs 106. Such criteria may include, for example, forming a
distribution load that most closely matches the board-feet of lumber requestad
by a particular client or clients. Such criteria may include, for example, forming
the multiple distribution loads of logs 106 that provide a best fit for the board-

feet of logs 106 requested in a plurality of orders.
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{0110]  In some embodiments, the control system 400 operates in an
environment using one or more of the network interfaces 428 to optionally
communicably couple to one or more remote computears, servers, display
devices, via one or more communications channels. These logical connections
may facilitate any Known method of permitting computers to communicate, such
as through one or more LANs and/or WANs. Such networking environments
are well known in wired and wireless enterprise-wide computer networks,
intranets, extransats, and the Internet.

f0111]  Further, local communication interface 430 may be used for
establishing communications with other components in the log scaling system
100, such as may occur, for exampile, when the control system 400 may be
used to communicate with the rear imagers 116, the forward imagers 118, the
range finders 134, and/or the wireless transceiver 138.

i0112] Figure 5 shows method 500 for scaling a plurality of logs loaded
onto one or more transport trailers, according to at least one illustrated
implementation. The method 500 starts at 502, at which a processor enabled
device, for example the control system 400 is activated to scale one or more
logs within a load 107 of logs 106, Such activation may occur, for example,
automatically when a truck 102 and trailer 104 are positioned along the scale
101, Such activation may cccur, for example, based a driver or other operator
input {(e.g., pressing a “Start” button) o initiate the method 500,

{0113] AL 504, an imager, such as rear imagers 116a, 116b, may capture
a first image depicting the first end 110 of one or more logs 106 being
transported by a trailler 104. In some implementations, the first end 110 of the
one or more logs 106 may be located distal from the truck 102 that is physically
coupled to and pulling the traller 104. The first image may be a digital image
comprised of an array of pixels that are arranged within a plurality of rows and
columns.

{0114] AL 506, an imager, such as forward imagers 118a, 118b, may

capture a second image depicting the second end 112 of one or more logs 106
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being transported by the trailer 104. In some implementations, the second end
112 of the one or more logs 106 may be located proximate the truck 102 that is
physically coupled to and pulling the trailer 104, The second image may be a
digital image comprised of an array of pixels that are arranged within a plurality
of rows and columns.

{0115] AL 508, a processor-enabled device, such as control system 400,
may generate a log identifier 434 for one or more logs 106, In some
implementations, the log identifier 434 may uniquely identify each log 108, In
some implementations, the log identifier 434 may uniquely identify each log 106
within a plurality of logs as compared o only the other logs within the plurality of
logs. In some implementations, the log identifier 434 may be determined based
upon information encoded or obtained from a log-based machine-readable
symbaol 318 that may be physically coupled or otherwise associated with the log
108.

f0116] At 510, a processor-enabled device, such as control system 400,
may generate a load identifier 442 in which one or more logs 106 are
associated as a load 107. The load identifier 442 may be used to identify a set
of logs 106 {e.g., a load) that is being transported by a trailer, such as, for
exampie, the logs 106 being transported by the trailer 104, The load identifier
442 may be determined based upon information encoded or obtained from one
or more machine-readabile symbols that may be physically coupled or otherwise
associated with one or more logs 106, the trailer 104, and/or the truck 102, In
some implementations, the load identifier 442 may be generated by the
processor-enabled device using, for example, a random number or symbol
generator. In some implementations, the load identifier 442 may be generated
by the processor-enabled device sequentially or using some other defined
method or system.

i0117] AL 512, a processor-enable device, such as the control system
400, determines the diameter value 312 for one or more logs 106. In some

implementations, the diameter value 312 for a log may be based upon the
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distance between opposing sides of the log 106 as shown in one or both of the
first image captured in 504 depicting the first end 110 of the log 106 and the
second image captured in 506 depicting the second end 112 of the log 106, In
such implementations, for example, the distance between opposing sides of the
first end 110 and/or the second end 112 of the {og may be based on the
number of pixels separating the opposing sides. In such implementations, each
pixel may be associated with a defined distance, such that the distance
between opposing sides may be determined by multiplying the number of pixeals
separating the opposing sides by the defined distance for each pixel

0118] In some implementations, the processor-enabled device may
determine the diameter value 312 for a log 106 based upon additional
determinations or measurements. For example, in some implementations, the
processor-enabled device may adjust the diameter vailue 312 based upon bark
component 316. As such, the processor-enabled device may identify an outer
layer of bark for the log 106. In such an implementation, for example, the
processor-enabled device may determine the distance belween opposing sides
of the log 106 inclusive of the bark component 316, as well as a bark-width
value 326 for the bark component 316 of the log 106. As such, the processor-
enabled device may deduct the bark-width value 326 from the distance
between opposing sides of the log 108 to determine the diameter value 312.
As another example, the processor-enabled device may determing the diameter
value 312 based upon multiple measurements of distances between opposing
sides, with each measurement taken at a different orientation. Such an
implementation may be useful, for example, for logs 106 that are
asymmetrically shaped. As such, the diameter value 312 may be based upon
the greater or lesser of the plurality of distance measurements, upon the
average or median of the plurality of distance measuremenis, or upon some
other determination.

i0118] Al 514, processor-enable device, such as the control system 400,

determinas the length value 438 for one or more logs 108, In some
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implementations, the length value 438 for a log 106 may be based upon a
determined distance between the first end 110 and the second end 112 of the
log. In some implementations, the distance for the length value 438 may be
based upon an image that depicts an entire length 114 of the log 106 between
the first end 110 and the second end 112, In some implementations, the
distance for the length value 438 may be based upon a first location value
associated with the first end 110 of the log 106, and upon a second location
value associated with the second end 112 of the log 106. Such location values
may be based, for example, upon the position of the first end 110 of the log 106
relative to the rear imagers 116, and/or upon the position of the second end 112
of the log 106 relative to the forward imagers 118, Such relative positions for
the first end 110 and/or the second end 112 may be based upon the focal
length of the respective imagers, as well as the positioning and orientation of
the rear imagers 116 and the forward imagers 118 when capturing depictions of
the first end 110 and/or the second end 112, respectively. The length value
438 may then be determined based upon the first location value for the first end
110 of the log 106 and upon the second location value for the second end 112
of the log 1086.

{0120] Al 516, a processor-enabled device, such as the control system
400, may determine a value, such as the board-feet value 440, for a log 106.
For example, the board-feet vaiue 440 may be determined by multiplying the
diameter value 312 of the log 106 by the length value 438 of the log 106 to
determine a product vaiue. The product value is then compared to entries in a
board-feet chart to identify the corresponding board-feet value 440 for the log.
In some implementations, the type of board-fest chart used {o determine the
board-feat vaiue 440 may be based upon various criteria or considerations. For
example, in some implementations, the board-feet chart may be based at least
in part on the type of tree that comprises the log 106. Such a iree type may be

included, for example, within the encoded information contained within the log-
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based machine-readable symbol 318. The processor-enabled device may
determine additional and/or alternative values to associate with the log 106.

f0121] Al 518, a processor-enabled device, such as the control system
400, may form a distribution load of logs 106 to be shipped or transporied to a
customer, for example. The distribution load of logs may be specifiedin a
distribution record 432¢ and may be comprised, for example, of one or more
logs 106. Each of the logs 106 in the distribution load of logs 106 may be
identified by a log dentifier 434, In some implementations, the distribution
record 432¢ may be comprised of a plurality of log records 434a. In some
implementations, the distribution record 432¢ may be comprised of a set of
information that identifies specific logs 106, such as pointers to log records
434a and/or a list of log identifiers 434,

i0122] In some implementations, one or more distribution loads of logs
106 may be formed based upon an order received from a customer. For
example, a customer may request a certain amournt of board-feet of lumber o
be delivered within a set period of time. The processor-enabled device may
aggregate logs 106 into a distribution load 10 meet the amount of board-fest
requested by the customer. In some implementations, the processor-enabled
device may take logs 106 from different lcads 107 (e.g., loads 107 from
different trailers) and form a distribution load of logs 106 to fulfill an order. In
some implementations, the processor-enable device may be filling multiple
requests for board-feet of lumber, potentially from different customers. In such
an implemeantation, the processor-enablaed device may form multiple distribution
loads of logs 106, with each distribution load of logs 106 being associated with
each order. In such an implementation, the processor-enabled device may use
different criteria for forming the multiple distribution loads of logs 106. Such
criteria may include, for example, forming a distribution load that most closely
matches the board-feet of lumber requested by a particular client or clients.

Such criteria may include, for example, forming the multiple distribution loads of
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logs 106 that provide a best fit for the board-feet of logs 106 requested in a
plurality of orders.

f0123] Al 520, the method 500 terminates, for example until invoked
again. Alternatively, the method 500 may repeat continuocusly or repeatedly, or
may execute as multiple instances of a multi-threaded process.

{0124] Figure 6 shows ancther method 800 for scaling a plurality of logs,
according to at least one illustrated implementation. As described herein, the
“‘left side” refers to a first end of the logs 106 and the "right side” refers {o the
other end of the logs 106, in this manner, the “left side” and “right side” of the
logs 106 provide desirable placement {o image the diameters of the logs 106.
This method 600 employs a processor enabled device, for example the control
system 400, which activates {0 scale one or more logs within a load 107 of logs
106. In one or more embodiments of this method, beginning with the left side
data acquisition and processing, at 610, the left side sensor is moved into
position to acquire log scaling data. Next, at 612, Lidar data from multiple Lidar
images is acquired from the left side of the load 107 of logs 106. At814 the
Lidar data from mulltiple Lidar images on the left side is processed and stitched.
Additionally, at 6186, sterec data is acquired from the left side of the load 107 of
logs 106. Next, at 618, the stereo color and depth images from the left side are
processed.

{0125] The method 600 continues at 620, where depth images from both
Lidar and sterec on the left side are fused together. At 622, log locations on the
left side are detected and the log count is determined. Next, at 624, the load
107 of logs 106 is segmented and the diameters (e.g., long & short axes) of the
logs 106 are measured on the left side. Notably, in other implementations of
the log scaling system and method, other imaging and/or sensor technigues are
used instead of or in addition {o the Lidar and sterec methods described above.

i0128] Referring now to the right side data acquisition and processing, at
630, the right side sensor is moved into position to acquire log scaling data.

Notably, in some embodiments, the left side sensor and the right side sensor
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are both placed prior to measurements and images being acquired. in other
embodiments, the measurementis and images being acquired from the left side
and right side occur sequentially.  In embodiments where the measuraments
and images being acquired from the left side and right side occur sequentially,
the left side sensor and the right side sensor may be the same sensor. Next, at
632, Lidar data from muitiple Lidar images is acquired from the right side of the
load 107 of logs 106. AL 634, the Lidar data from multiple Lidar images on the
right side is processed and stitched. Additionally, at 636, stereo data is
acquired from the right side of the load 107 of logs 106. Nexi, at 638, the
stereo color and depth images from the right side are processed.

{0127] The method 600 coniinues at 640, where depth images from both
Lidar and sterec on the right side are fused together. At 622, log locations on
the right side are detected and the log count is determined. Next, at 624, the
load 107 of logs 106 is segmented and the diameters (e.g., long & short axes)
of the logs 106 are measured on the right side.

{0128] AL 650, the method includes merging measurement from the left
side sensor and the right side sensor. At 654, the method includes matching
the logs 106 between the left side end and the right side end. At 658, the
method includes computing the length of the logs 106. Finally, at 660, the
method includes displaying the results of the log scaling data acquisition and
analysis.

{0129] At least some of the eguipment discussed in the present
disclosure comprises hardware and associated software. For example, the
typical electronic device is likely {o include one or more processors and
software executable on those processors to carry out the operations described.
The term software is used herein in its commaonly understood sense to refer to
programs or routines {subroutines, objects, plug-ins, etc.), as well as data,
usable by a machine or processor. As is well known, computer programs
generally comprise instructions that are stored in machine-readable or

computer-readable storage media. Some embodiments of the present
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disclosure may include executable programs or instructions that are stored in
machine-readable or computer-readable storage media, such as a digital
memaory. No implication is made that a "computer” in the conventional sense is
required in any particular embodiment. For example, various processors,
embedded or otherwise, may be used in equipment such as the components
described herein.

i0130] In some embodiments, memory associated with a given processor
may be stored in the same physical device as the processor ("on-board”
memory); for example, RAM or FLASH memory disposed within an integrated
circuit microprocessor or the like. In other examples, the memory comprises an
independent device, such as an external disk drive, storage array, or portable
FLASH key fob. In such cases, the memory becomes “associated” with the
digital processor when the two are operatively coupled together, orin
communication with each other, for example by an V0 port, network
connection, and the like, such that the processor can read a file stored on the
memory. Associated memory may be “read only” by design (ROM) or by virtue
of permission settings, or not. Other examples include but are not limited to
WORM, EPROM, EEPROM, FLASH, etc. Those technologies often are
implemented in solid state semiconductor devices. Other memaories may
comprise moving parts, such as a conventional rotating disk drive.  All such
memories are "machine readable” or “computer-readable” and may be used o
store executable instructions for implementing the functions described herein.

f0131] A ‘software product’ refers to a memory device in which a series
of executable instructions are stored in a machine-readable form so that a
suitable machine or processor, with appropriate access to the software product,
can execute the instructions o carry out a process implemented by the
instructions. Software products are sometimes used o distribuie software. Any
type of machine-readable memory, including without limitation those
summarized herein, may be used to make a software product. That said, it is

also known that software can be distribuied via electronic transmission
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{"downlcad’}, in which case there typically will be a corresponding software
oroduct at the transmitting end of the transmission, or the receiving end, or
both.

{0132] This application claims the benefit of priority to U.S. Provisional
Application No. 62/732,433, filed September 17, 2018, which application is
hereby incorporated by reference in its entirety.

i0133] The various embodiments described above may be combined o
provide further embodiments. From the foregoing it will be appreciated that,
although specific embodiments have been described herein for purposes of
diustration, various modifications may be made without deviating from the spirit
and scope of the teachings. Accordingly, the claims are not limited by the

disclosed embodiments.
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CLAIMS

1. A method to scale pluralities of logs loaded on one or more
transport trailers, each log of the pluralities of logs having afirstend and a
second end separated by a length of the respective log, the method comprising:
for each of the one or more transport trailers, capturing, by a first
imager, a first image of the plurality of logs, the first image including a depiction
of the first end of each log of the plurality of logs;
capturing, by a second imager, a second image of the plurality of
logs, the second image including a depiction of the second end of each log of
the pluraiity of logs,; and
with at least one processor:
generating a load identifier for each load of logs on a
respective oneg of the one or more transport trailers;
generating a log dentifier for each log of the plurality of
logs;
determining a first diameter value for the first end of gach
log based upon the depiction of the first end of each respective log in the first
image;
determining a second diameter vaiue for the second end of
each log based upon the depiction of the second end of each respective log in
the second image;
determining, based at least in part upon one of the first and
second diameter values, a board-feet value for each iog of the plurality of logs
in each of the one or more transport trailers;
storing, in a database, the first and second images
associated with each of the one or more transport trailers, the load identifier for
each load of logs, the log identifier for each log of the plurality of logs, the first

and second diameter values associated with each log of the plurality of logs in
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each of the one or more transport trailers, and the board-feet value for each log
of the plurality of logs in each of the one or more transport trailers;

accumulating a plurality of board-feet valueas to form a load
of logs for distribution; and

grouping a plurality of identifiers to form a distribution load,
the pluraiity of identifiers drawn from the log identifiers and load identifiers
stored in the database, the distribution load representing an accumulation of
board-feet values within a determined acceptable range of a targeted total

board-feet valusa.

2. The method of claim 1, further comprising:

determining, by the at least one processor, a length vaiue for at
least one log, wherein determining the board-feet value for the at least one log
is based at least in part upon at least one of the determined first and second

diameter values and upon the determined length value of the at least one log.

3. The method of claim 2, further comprising:

capturing, by a second imager, a second image of the plurality of
logs, the second image including a depiction of the second end of the at least
one log in the plurality of logs, wherein determining the length value further
includes determining the length value for the at least one log based at least

upon the first image and the second image.

4. The method of claim 2, further comprising:

transmitting a first signal towards the first end of the plurality of
logs;

receiving a first reflected signal resulting from a reflection of the
first signal off of the first end of the at least one log;

determining, by the at least one processor, a first location value

for the first end of the at least one log;
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transmitting a second signal towards the second end of the
olurality of logs;

receiving a second reflected signal resulting from a reflection of
the second signail off of the second end of the al least one log; and

determining, by the at least one processor, a second location
value for the second end of the at least one log,

wherein determining the length value of the at least one log is

based at least in part on the first location value and the second location value.

5. The method of claim 1, further comprising:

receiving a first signal that includes a first identifier, the first
identifier which is associated with the at least one log, wherein generating the
log identifier for each log of the plurality of logs is based at least in part upon
the first identifier;

storing, by the at least one processor, a first data record on a
computer readable medium, the first data record that includes at least the first
identifier and the determined board-feet valug for the al least one log; and

transmitting a second signal that includes the first data record.

6. The method of claim 5, wherein receiving the first signal
further includes receiving a first wireless signal transmitied from a first wireless
tag that is physically coupled to the at least one log, the first wireless signal

encoding the first identifier.

7. The method of claim 5, wherein receiving the first signal
further includes receiving one or more signals representative of an image-
based machine-readable symbol that appears on the at least one log and that

encodes the first identifier associated with the at least one log.
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8. The method of claim 1, wherein the at least one log is
comprised of a lumber component and an outer bark component, and wherein
determining the diameter value for the at least one log further includes:

determining a total width value for the at least one log;

determining a bark width value for the at least one log using the at
least first image, the bark width value which is based on the outer bark
componert; and

determining the diameter value for the at least one log based at
least in part on the total width value and the bark width value for the at least

one log.

9. The method of claim 1, further comprising:

receiving tree-type information related to the at least one log, the
tree-type information identifying one out of a plurality of types of trees,

wherein determining the board-fest value for the at least one log

is further based upon the free-type information.

13, The method of claim 1, further comprising:

determining tree-type information related to the at least one log
from one or more of the first and second images, the tree-type information
identifying one out of a plurality of types of trees,

wherein determining the board-feet value for the at least one log

is further based upon the tree-type information.

11. Alog scaling system to scale a plurality of logs that are
arranged within a transport trailer, each log within the plurality of logs including
a first end and a second end separated by a length of the respective log, the
system comprising:

a first imager that captures a first image, the first image which

depicts the first end of at least one log in the plurality of logs;
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at least one processor; and
at least one nontransitory processor-readable storage device
communicatively coupled to the at least one processor and that storaes
processor-executable instructions which, when executed by the at least one
processor, cause the at least one processor {o:
determine a diameter value for the at least one log based
upon the depiction of the first end of the at least one log in the first image; and
determine, based at least in part upon the diameter valug,

a board-feet value for the at least one log.

12.  The log scaling system of claim 11, further comprising:
a second imager that captures a second image, the second image
which depicts the second end of the at least one log in the plurality of logs,
wherein the at least one nontransitory processor-readable storage
device stores processor-executable instructions which, when executed by the at
least one processor, cause the at least one processor {o further:
determine a length value for the at least one log based
upon the first image and the second image, and
determine the board-feet value for the at least one log
based at least in part upon the determined diameter value and the determined

length vaiue of the at least one log.

13, The log scaling system of claim 12, further comprising:
a third imager that captures a third image, wherein the first image
and the third image collectively provide at least one non-obstructed depiction of

each first end for each log in the plurality of logs.
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14.  The log scaling system of claim 11, further comprising:

a first range finder that generates a signal representative of a
range betweaen the first range finder and the first end of the at least one log in
the plurality of logs,

wherein the at least one nontransitory processor-readable storage
device siores processor-executable instructions which, when executed by the at
least one processor, cause the at least one processor to further:

receive the signal from the first range finder; and

determine the diameter value for the at least one log based
upon the depiction of the first end of the at least one log in the first image and
based upon the received signal representative of the range between the first

range finder and the first end of the at least one log.

15, The log scaling system of claim 14, further comprising:

a second range finder that generates a signal representative of a
range between the second range finder and the second end of the at least one
log in the plurality of logs,

wherein the at least one nontransitory processor-readable storage
device stores processor-executable instructions which, when executed by the at
least one processor, cause the at least one processor to further:

receive the signal from the second range finder,;

determine a first location value for the first end of the at
least one log in the plurality of logs based upon the received signal from the first
range finder;

determine a second location value for the second end of
the at least one log In the plurality of logs based upon the received signal from
the second range finder; and

determine a length value for the at least one log based

upon the first location value and the second location value.
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16. The log scaling system of claim 15, wherein the at least
one nontransitory processor-readable storage device stores processor-
exacutable instructions which, when executed by the at least one processor,
cause the at least one processor {o further:

determine the board-feet value for the at least one log
based at least in part upon the determined diameter value and the determined

length value of the at least one log.

17.  The log scaling system of claim 11, further comprising:

a wireless receiver that receives a signal transmitted from a
wireless transmitter that is physically coupled to the at least one log, wherein
the transmitted signal encodes a first identifier for the al least one log,

wherein the at least one nontransitory processor-readable storage
device stores processor-executable instructions which, when executed by the at
least one processor, cause the at least one processor to further:

store on the at least one nontransitory processor-readabie
storage device a first data record that inciudes at least the first identifier and the

determined board-feet value for the at least one log.

18. The log scaling system of claim 17, wherein the at least
one nontransitory processor-readable storage device stores processor-
execuiable instructions which, when executed by the at least one processor,
cause the at least one processor to further:

store the first image of the plurality of logs as part of the first data

record.

a5



WO 2020/060845 PCT/US2019/050903

19. The log scaling system of claim 11, wherein the at least
one nontransitory processor-readable storage device stores processor-
exacutable instructions which, when executed by the at least one processor,
cause the at least one processor {o further:

determine tree-type information related to the at least one log
from one or more of the first and second images, the ifree-type information
identifying one out of a plurality of types of trees,

wherein determining the board-feet value for the at least one log

is further based upon the tree-type information.

20.  Alog scaling system to scale a plurality of logs, gach log
within the plurality of logs including a first end and a second end separated by a
length of the log, the system comprising:
one or more sensors that capture at least a first image and a
second image, the first image depicting the first end of at least one log in the
plurality of logs, and the second image depicting the second end of at least one
log in the plurality of logs;
one or More processors; and
one or more noniransitory processor-readable storage devices
communicatively coupled to the one or more processors and that store
processor-executable instructions which, when executed by the one or more
processors, cause the one or more processors to:
determine a first end diameter value for the at least one log
based upon the depiction of the first end of the at least one log in the first
image;
determine a second end diameter value for the at least one
log based upon the depiction of the second end of the at least one log in the
second image;
determine a length for the at least one log based at least in

part on the first image and the second image of the at least one log; and

o6



WO 2020/060845 PCT/US2019/050903

determine, based at least in part upon the first end
diameter value, the second end diameter value, and the length of the at least

one log, a board-feet value for the at least one log.

21, The log scaling system of claim 20, wherein the one or

more sensors comprise at least a first end sensor and a second end sensor.

22.  The log scaling system of claim 20, wherein the one or

more sensors are positionad on one or more mobile stands.

23. The log scaling system of claim 22, wherein the one or

more mobile stands include one or more vertical motorized sliders.

24.  The log scaling system of claim 22, wherein the one or

more mobile stands include one or more horizontal motorized sliders.
25, The log scaling system of claim 22, wherein the one or
more mobile stands incorporate exiendable and retractable arms with one or

more joints, rotation points, or both,

26.  The log scaling system of claim 20, wherein at least one of

the one or more sensors acquires Lidar data.

27.  The log scaling system of claim 26, wherein at least one of

the one or more sensors acquires stereo data.

28.  The log scaling system of claim 27, wherein the Lidar data

and the stereo data are fused by the log scaling system.
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28.  The log scaling system of claim 20, wherein data from the
first image depicting the first end of at least one log in the plurality of logs and
data from the second image depicting the second end of at least one log in the
plurality of logs is used to detect log locations and determine a count of the

logs.

30, The log scaling system of claim 20, wherein data from the
first image depicting the first end of at least one log in the plurality of logs and
data from the second image depicting the second end of at least one log in the

plurality of logs is used to segment logs and measure the diameters of the logs.

31, The log scaling system of claim 20, wherein data from the
first image depicting the first end of at least one log in the plurality of logs and
data from the second image depicting the second end of at least one log in the

plurality of logs is used match two ends of each log.

32.  The log scaling system of claim 20, wherein iree-type
information relatad {o the at least ong log is determined from one or more of the
first and second images, the tree-type information identifying one cut of a
plurality of types of trees, wherein determining the board-feet value for the at

least one log is further based upon the tree-type information.

33, Alog scaling method to scale a plurality of logs, each log
within the plurality of logs including a first end and a second end separated by a
length of the log, the method comprising:

using one or more sensor systems o capture at least a first image
and a second image, the first image depicting the first end of at least one log in
the plurality of logs, the second image depicting the second end of at least one
log in the plurality of logs, the one or more sensor systems each including one

OF More sensors, one or more pProcassors, and one or more nantraﬁsitary
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processor-readable storage devices communicatively coupled to the one or
more processors that store processor-executable instructions thereon;

determining a first end diameter value for the at least one log
based upon the depiction of the first end of the at least oneg log in the first
image;

determining a second end diameter value for the at least one log
based upon the depiction of the second end of the at least one log in the
second image;

determining a length for the at least one log based at least in part

on the first image and the second image of the at least one log; and
calculating, based at least in part upon the first end diameter

value, the second end diameter value, and the length of the at least one log, a

board-feet value for the at least oneg iog.

34. The log scaling method of claim 33, wherein the ong or
more sensor systems comprise at least a first end sensor and a second end

sensor.

35, The log scaling method of claim 33, wherain the one or

more sensors are positioned on one or more mobile stands.

36.  The log scaling method of claim 35, wherein the one or

more mobile stands include one or more vertical motorized sliders.

37. The log scaling method of claim 35, wherein the one or

more mobile stands inciude one or more horizontal motorized sliders.
38. The log scaling method of claim 35, wherein the one or

more mobile stands incorporate exiendable and retractable arms with one or

more joints, rotation poinis, or both.
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38, The log scaling method of claim 33, wherein at least one of

the one or more sensors aequires Lidar data.

4(.  The log scaling method of claim 38, wherein at least one of

the one or more sensors acquires stereo data.

41, The log scaling method of claim 40, wherein the Lidar data

and the stereo data are fused by the log scaling system.

42.  The log scaling method of claim 33, further comprising
detecting log locations and determining a count of the logs using data from the
first image depicting the first end of at least one log in the plurality of logs and
data from the second image depicting the second end of at least one log in the

plurality of logs.

43. The log scaling method of claim 33, further comprising
segmenting logs and measuring the diameters of the logs data from the first
image depicting the first end of at least one log in the plurality of logs and data
from the second image depicting the second end of at least one log inthe

plurality of logs.

44, The log scaling method of claim 33, further comprising
matching two ends of each log using data from the first image depicting the first
end of at least one log in the plurality of logs and data from the second image

depicting the second end of at least one log in the plurality of logs.

45 The log scaling method of claim 33, further comprising:
determining tree-type information related to the at least one log
from one or more of the first and second images, the tree-type information

identifying one out of a plurality of types of trees,
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wherein determining the board-feet value for the at least one log

is further based upon the tree-type information.
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