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DIMENSIONING SYSTEM FOR, AND METHOD OF,
DIMENSIONING FREIGHT IN MOTION ALONG AN
UNCONSTRAINED PATH IN A VENUE

BACKGROUND OF THE INVENTION

[0001] The present disclosure relates generally to a dimensioning system for, and a
method of, dimensioning freight in motion along an unconstrained path in a venue,
and, more particularly, to dimensioning the freight while the freight is being moved
by a freight mover, such as an industrial vehicle, prior to loading the freight into a
container.

[0002] Industrial vehicles, such as forklifts, lift and move freight, typically mounted
on pallets, from warehouses or like venues into containers for transport by land, rail,
water, and air, etc. Recipients of the freight are typically charged by the dimensions
(volume) and weight of the freight. As such, the freight is often dimensioned and/or
weighed prior to loading. Knowing the dimensions of the freight is also useful for
determining the order in which the freight is to be loaded, and to fill as much of the

container as possible for efficient handling and distribution.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0003] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to
further illustrate embodiments of concepts that include the claimed invention, and
explain various principles and advantages of those embodiments.

[0004] FIG. 1 is a broken-away, perspective, schematic view, as seen from above, of
a warehouse in which freight in motion along an unconstrained path is dimensioned in
accordance with this disclosure.

[0005] FIG. 2 is an enlarged, perspective view, as seen from above, of a forklift
moving freight past a ranging system in a dimensioning station of the warehouse of
FIG. 1.

[0006] FIG. 3 is an enlarged, side view of a plurality of incremental images of point

clouds captured by the ranging system of FIG. 2.
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[0007] FIG. 4 is an enlarged, perspective view, as seen from above, of a forklift
moving freight past one embodiment of a tracking system in the dimensioning station
of the warehouse of FIG. 1.

[0008] FIG. 5 is an enlarged, perspective view, as seen from above, of a forklift
moving freight past another embodiment of a tracking system in the dimensioning
station of the warehouse of FIG. 1.

[0009] FIG. 6 is a block diagram depicting a method of dimensioning freight in
motion along an unconstrained path in the warehouse of FIG. 1.

[0010] FIG. 7 is a perspective view of a composite point cloud captured by the
ranging system of FIG. 2.

[0011] FIG. 8 is a perspective view of a minimum bounding box containing a
composite point cloud.

[0012] FIG. 9 is a flow chart depicting steps of a method in accordance with this
disclosure.

[0013] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions and locations of some of the elements in the figures may be exaggerated
relative to other elements to help to improve understanding of the illustrated
embodiments.

[0014] The system and method components have been represented where appropriate
by conventional symbols in the drawings, showing only those specific details that are
pertinent to understanding the illustrated embodiments so as not to obscure the
disclosure with details that will be readily apparent to those of ordinary skill in the art

having the benefit of the description herein.
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DETAILED DESCRIPTION OF THE INVENTION

[0015] In some known systems, a forklift lifts and advances freight to a dimensioning
station while waiting for access to the dimensioning station. The forklift then stops
and lowers the freight onto the dimensioning station, and then retreats and backs away
from the dimensioning station while the freight is being dimensioned. While the
freight is stationary at the dimensioning station, a set of overhead laser scanners with
range finders are moved above and past the freight over a time period during which
the freight is scanned, and range information from the freight is captured. The range
information is processed by processing equipment to obtain dimensions of the freight.
After the scanning, the forklift starts again, returns to the station, lifts the freight off
the station, and then advances to the container into which the freight is to be loaded.
Although generally useful, this known dimensioning procedure has drawbacks not
only due to the high cost of the scanners and associated processing equipment, but
also, perhaps more importantly, due to the interrupted movement of the freight. As
described, the forklift repeatedly stops and starts, and the scanning/dimensioning of
each item of freight takes a non-negligible amount of time to be performed. This
loading procedure for the container is thus delayed.

[0016] In some known systems, packages are placed directly on a moving conveyor
belt to advance the moving packages along a constrained, fixed, known path, and at a
known speed, and with an unchanging orientation, through a dimensioning station.
As each package moves by increments through the dimensioning station, one or more
ranging measurements are taken for each increment, thereby resulting in a multitude
of such ranging measurements that are then combined and processed correctly to
obtain accurate, overall dimensions of each package. Although generally useful, this
known dimensioning procedure has drawbacks, because it takes a non-negligible
amount of time to place the packages on, and to remove the packages from, the
conveyor belt. This loading procedure for the container is thus delayed.

[0017] Accordingly, it would be desirable to expedite, and more efficiently conduct,
the loading procedure, and to dimension the freight in an uninterrupted, frictionless,
continuous, rapid, and more cost-effective and flexible manner prior to loading,

preferably while the freight is being moved by a forklift or like industrial vehicle.
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[0018] Example methods and apparatus disclosed herein provide a dimensioning
system for dimensioning moving freight along an unconstrained path in a venue, such
as a warehouse or a like facility, either indoors or outdoors. An example
dimensioning system disclosed herein includes a ranging system for capturing a
plurality of successive point clouds from the moving freight, a tracking system for
tracking a plurality of successive positions and orientations of the moving freight, and
a computing device (e.g., a server, processor, or programmed microprocessor) in
communication with the ranging and tracking systems. In operation, the computing
device correlates each successive point cloud with each successive position and
orientation of the moving freight, combines the correlated point clouds to obtain a
composite point cloud of the moving freight, and processes the composite point cloud
to dimension the moving freight. Advantageously, the tracking system assigns a time
stamp to each successive position and orientation of the moving freight, and correlates
each successive point cloud with each successive time-stamped position and
orientation of the moving freight. Once the freight is dimensioned, it may, for
example, be efficiently loaded into a container, typically for transport by land, rail,
water, and air, etc.

[0019] In some examples disclosed herein, a freight mover, such as a forklift, moves
the freight along the unconstrained path in the venue through a dimensioning zone
past the ranging and tracking systems. The ranging system includes one or more
three-dimensional (3D) cameras stationarily mounted in the venue and deployed about
the dimensioning zone through which the freight is moved. Each 3D camera has a
field of view over which each point cloud is captured from the freight. The 3D
cameras have camera sensors directed at the moving freight along different lines of
sight. The composite point cloud includes data points from the freight and from the
freight mover, and the computing device is operative for extracting the data points
from the freight mover from the composite point cloud, for enclosing the extracted
composite point cloud with a bounding box having dimensions, and for dimensioning
the moving freight from the dimensions of the bounding box.

[0020] The tracking system includes a detector mounted on the freight mover or in the
venue, and detects each successive position and orientation of the moving freight. In
some embodiments, the tracking system includes an emitter for emitting a signal, and
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the detector detects the emitted signal. In some embodiments, either one of the
emitter or the detector is mounted on the freight mover for joint movement therewith,
and the other of the emitter and the detector is mounted in the venue remotely from
the freight mover. In some embodiments, the emitter includes one or more light
emitting diodes (LEDs) mounted on the freight mover for emitting light in a
predetermined light pattern, and the detector includes one or more cameras
stationarily mounted in the venue for detecting the predetermined light pattern. In
some embodiments, the detector includes a camera mounted on the freight mover, and
the camera images one or more features arranged at known, fixed locations in the
venue to locate each successive position and orientation of the moving freight.

[0021] In accordance with this disclosure, dimensioning the freight does not require
the freight to be held stationary at a dimensioning station. Nor does the freight have
to be moved along the constrained path of a conveyor belt, or have to be loaded onto
the conveyor belt and be unloaded therefrom to be dimensioned. Rather, example
methods and apparatus disclosed herein enable dimensioning of the freight while the
freight is in motion, for example, while being continuously advanced to the container,
thereby expediting the loading procedure and rendering the loading procedure more
efficient.

[0022] An example method disclosed herein is directed to dimensioning a moving
freight in motion along an unconstrained path in a venue. The example method
includes capturing a plurality of successive point clouds from the moving freight,
tracking a plurality of successive positions and orientations of the moving freight,
correlating each successive point cloud with each successive position and orientation
of the moving freight, combining the correlated point clouds to obtain a composite
point cloud of the moving freight, and processing the composite point cloud to
dimension the moving freight.

[0023] Turning now to the drawings, FIG. 1 schematically depicts a venue 10, such as
a warehouse or a like facility, either indoors or outdoors, in which freight 12, depicted
as cuboid cartons for simplicity, are moved, for example, by freight movers, such as
industrial vehicles, e.g., forklifts 22 having powered, pronged platforms to lift and
lower the freight 12. As shown in FIGs. 1-2 and 4-5, the forklifts 22 move the freight
12 below a ceiling 14 of the venue 10 through at least one dimensioning zone or

5
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station 18 on, and adjacent, a floor of the venue 10 where the moving freight 12 is
dimensioned, as described in detail below. In some instances, the dimensioning zones
18 are situated at or near doorways or portals of the venue 10, e.g., adjacent loading
bays or docks, and the freight 12 is moved by the forklifts 22 to containers, such as
trailers to be transported by trucks 24, vans, railroad cars, boats, airplanes, etc. The
freight movers need not only be forklifts 22, but can be any vehicle (e.g., an aerial
vehicle, such as a drone), either manually or motor-powered, either driven by
personnel or operated autonomously, such as by a robot or computing device. The
freight movers need not be a vehicle at all, and can include personnel who carry the
freight 12 from place to place by hand. Each freight mover has freedom of movement
and can move the freight 12 along an unconstrained path, e.g., the freight mover can
go forward or back, can stop and start, can turn right or left, can change direction, can
travel at any speed, and can change the position and orientation of the freight 12
during such travel.

[0024] In the illustrated example, the moving freight is dimensioned while in motion
by a dimensioning system that includes a ranging system for capturing, as described
below in connection with FIG. 2, a plurality of successive point clouds from the
moving freight 12, a tracking system for tracking, as described below in connection
with FIGs. 4-5, a plurality of successive positions and orientations of the moving
freight 12, and a computing device 16 (e.g., a server, processor, or programmed
microprocessor) in communication with the ranging and tracking systems. As shown
in FIG. 1, the computing device or host server 16 is typically located in a backroom at
the venue 10, and includes one or more programmed computing devices and is in
wired, wireless, direct, or networked communication with the ranging and tracking
systems. The server 16 is preferably a local computer, but can also be a remote cloud
server. The server 16 may include a wireless RF transceiver that communicates with
the ranging and tracking systems. For example, Wi-Fi and Bluetooth® are open
wireless standards for exchanging data between electronic devices. Although depicted
as a host server 16 in FIG. 1, any suitable type of computing device is possible.

[0025] As shown in the example embodiment of FIG. 2, the ranging system includes
one or more three-dimensional (3D) cameras 20 stationarily and fixedly mounted in
the venue 10, for example, at opposite sides of the dimensioning zone 18 close to
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floor level as shown, and/or overhead on, or adjacent, the ceiling 14, above the
dimensioning zone 18. The 3D cameras 20 are deployed about the dimensioning zone
18 through which the freight 12 is conveyed to the container and are pointed at the
freight 12 along different, intersecting lines of sight. The 3D cameras 20 may either
face the freight 12 directly along direct paths as illustrated, or indirectly along folded
paths using field mirrors. The 3D cameras 20 have sensors with angular fields of
view each generally centered on a respective line of sight. As described below, the
3D cameras 20 capture a plurality of point clouds 62A-62H (see FIG. 3) of voxels or
data points from the forklift 22 and the moving freight 12. Alternatively, one or more
of the 3D cameras 20 is pointed at the freight 12 along the same line of sight and
capture different point clouds by operating their sensors at different wavelengths.
[0026] In the illustrated example, each 3D camera 20 incorporates time-of-flight
(TOF) technology in which the sensor is a two-dimensional array of sensors or pixels,
such as a charge coupled device (CCD) or a complementary metal oxide
semiconductor (CMOS) device, together with an active modulated light source, such
as a solid-state laser or a light emitting diode (LED) operating in the near-infrared
range, e.g., between 700 nm and 1000 nm. The light source illuminates the freight 12
with outgoing illumination light, and the reflected return light is captured. The phase
shift between the outgoing and the return light is measured and translated into range
values indicative of distances (depth) between the 3D camera 20 and the freight 12.
In addition to or in lieu of the 3D cameras 20 having TOF technology, other 3D
technologies, such as stereo vision and structured-light may also be employed. In
some embodiments, a bank of two-dimensional cameras replaces a single 3D camera.
In some examples, the 3D cameras 20 are not all identical, but are of different types,
and are arranged in any combination.

[0027] In the illustrated example, the server 16 sequentially operates each 3D camera
20 to capture a plurality or set or collection of incremental point clouds 62A-62H (see
FIG. 3) of voxels or data points from the combination of the forklift 22 and the
moving freight 12. Each voxel or data point is associated with a set of coordinates,
for example, Cartesian coordinates (X, y, z) that together define a position of each data
point. Each voxel or data point also has a range or depth value indicative of a
distance between a respective 3D camera 20 and the freight 12/forklift 22
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combination, and/or an intensity value indicative of a received signal strength
captured by the respective 3D camera 20 from the freight 12/forklift 22 combination.
[0028] The server 16 combines each of these incremental point clouds 62A-62H
together to dimension the freight 12. Known systems may use overlaps between
successive point clouds to align the successive point clouds by executing an iterative
closest point (ICP) algorithm. However, this is a computationally intensive and time-
consuming task that requires not only a large amount of redundant information to be
captured and processed, but also a generous overlap between successive point clouds,
which might not be available, especially if sensors having narrow fields of view are
employed in the 3D cameras 20. The unconstrained movement of the freight 12
further complicates this task, because such overlaps might often not be available, and
there may be no available or reliable alignment information among the successive
point clouds. For example, the server 16 does not know whether the freight 12 has
gone forward or back, or has stopped and started, or has turned right or left, or has
changed direction, or has changed speed, or has changed its position and orientation
during its travel.

[0029] To supply such alignment information, the example tracking system of FIGs.
4-5 includes a detector mounted on the freight mover 22 or in the venue 10, and
detects each successive position and orientation of the moving freight 12. In the
embodiment of FIG. 4, an emitter includes one or more light emitting diodes (LEDs)
26 mounted on a roof of the freight mover 22 for emitting light in a predetermined
light pattern, and the detector includes one or more cameras 28 stationarily mounted
overhead in the venue 10 for detecting the predetermined light pattern of the emitted
light. As shown in the illustrated example, three LEDs 26 are mounted in a row at a
leading edge of the roof, and a fourth LED is mounted centrally at a trailing edge of
the roof. Other patterns of the LEDs are contemplated. The LEDs need not only be
mounted on the roof, but could be mounted anywhere on the forklift 22. In some
examples, the overhead cameras 28 recognize the pattern of the LEDs and the
direction of advancement of the forklift 22. In the embodiment of FIG. 5, the detector
includes an upwardly-facing camera 30 mounted on the roof of the freight mover 22,
and the camera 30 images predetermined features 32 arranged at known, fixed
locations, e.g., overhead on the ceiling 14, of the venue 10 to locate each successive

8
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position and orientation of the moving freight 12. The tracking system need not be
light-based as shown in FIGs. 4-5. For example, ultrasound emitters and receivers
could be used to track the forklift 22. As another example, radio frequency
transmitters and receivers could be used to track the forklift 22.

[0030] The example server 16 correlates each successive point cloud with each
successive position and orientation of the moving freight 12, combines the correlated
point clouds to obtain a composite point cloud of the moving freight 12, and processes
the composite point cloud to dimension the moving freight 12. Advantageously, the
tracking system assigns a time stamp to each successive position and orientation of
the moving freight 12, and correlates each successive point cloud with each
successive time-stamped position and orientation of the moving freight 12. More
particularly, the cameras 28, 30 operate at a frame rate, e.g., 30-60 frames per second
or Hertz, and the time associated with each frame corresponds to the time that each
successive position and orientation is acquired by the cameras 28, 30.

[0031] More particularly, the server 16 estimates the dimensions of the moving
freight 12 by executing one or more dimensioning algorithms, as schematically
illustrated in FIG. 9, on the data points of the captured and correlated point clouds.
Thus, as shown in the block diagram of FIG. 6, each one (1 ... n) of the 3D cameras
20 captures the point clouds (blocks 46). The server 16 commands each of the 3D
cameras 20 of FIG. 6 to sequentially operate (block 38). Each successive point cloud
includes data points from the freight 12 and from the background, e.g., from the
forklift 22 and other environmental structure. In addition, each one (1 ... n) of the
cameras, e.g., cameras 28 of FIG. 4, tracks a plurality of successive positions and
orientations and corresponding times of the moving freight 12 (blocks 48), and
aggregates all the positions and orientations and corresponding times from all the
cameras 28 (block 49). The server 16 correlates each successive point cloud with the
aggregated time-stamped position and orientation of the moving freight 12, and
combines the correlated point clouds to obtain, as shown in FIG. 7, a combined point
cloud 42 that includes data points from the freight 12 and from the background, e.g.,
the forklift 22 and other environmental structure (block 50).

[0032] The data points from the background are separated from the data points from
the freight 12, and removed to form, as shown in FIG. 8, a composite point cloud 44
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of just the freight 12 (block 52). As shown in FIG. 9, after the point clouds have been
captured and correlated (block 100), the detecting of the background is performed
(block 102) by determining from the data points the plane having the largest area in
the field of view, e.g., by executing a random sampling consensus (RANSAC)
algorithm. Details of plane detection by using the RANSAC algorithm can be had by
reference to "Plane Detection in Point Cloud Data", by Yang et al., Technical Report
No. 1, Department of Photogrammetry, University of Bonn, January 25, 2010, the
entire contents of which is incorporated herein by reference.

[0033] Once the base plane or background has been detected, the data points of the
base plane are removed from the combined point cloud 42. The remaining data points
are then clustered, e.g., by Euclidean clustering (block 104). That is, a multitude of
the data points are organized into groups that share a similarity, e.g., a distance or
closeness to each other. With the data points clustered, the freight 12 is extracted and
located (block 106).

[0034] The server 16 forms a minimum bounding box (see also FIG. 8) about the
composite point cloud 44 (block 54). The bounding box has height, width, and depth
dimensions, and these dimensions, as determined from the bounding box, are used to
dimension the freight 12 (block 56). More particularly, the extracted, clustered data
points belonging to the freight 12 are processed to obtain a convex hull (block 108).
The convex hull constitutes only those exterior data points located on the outside
boundary or envelope of the data points belonging to the freight 12. In the illustrated
example, the convex hull of the freight 12 is determined, and the remaining interior
data points of the data points belonging to the freight 12 inside the convex hull are
discarded.

[0035] The bounding box is fitted to enclose the convex hull with a minimum volume
(block 110). In the illustrated example, the bounding box has a rectangular
parallelepiped or cuboid shape having three pairs of mutually orthogonal planar faces,
and is fitted around the convex hull. As can be seen in FIG. 8, the volume of the
bounding box closely matches the dimensions or volume of the extracted, clustered
data points of the freight 12, thereby accurately dimensioning the freight 12. The
bounding box is oriented with certain facial constraints. Specifically, at least one of
the faces of the bounding box, e.g., a top face, is oriented to be generally parallel to

10
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the floor, and simultaneously one of the other faces of the bounding box, e.g., a side
face, is oriented to be orthogonal to the top face.

[0036] In the illustrated example, the freight 12 is weighed (block 58). Alternatively,
the weighing is performed either prior to, or during, the dimensioning. In the
illustrated example, the freight 12 is efficiently loaded into a container, typically for
transport by land, rail, water, and air, etc. (block 60).

[0037] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the example methods and
apparatus disclosed herein. Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such modifications
are intended to be included within the scope of present teachings.

[0038] The benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a critical, required, or essential features or elements of any or all
the claims.

[0039] Moreover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or implying any actual such
relationship or order between such entities or actions. The terms “comprises,”

3% Loy LA T

“comprising,” “has,” “having,” “includes,” “including,

3 & 2

contains,” “containing,” or
any other variation thereof, are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains a list of
elements does not include only those elements, but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. An element

2% 66

proceeded by “comprises ... a,” “has ... a,” “includes ... a,” or “contains ... a,” does
not, without more constraints, preclude the existence of additional identical elements
in the process, method, article, or apparatus that comprises, has, includes, or contains

the element. The terms “a” and “an™ are defined as one or more unless explicitly

1Y 2% <6

stated otherwise herein. The terms “substantially,” “essentially,” “approximately,”
“about,” or any other version thereof, are defined as being close to as understood by
one of ordinary skill in the art, and in one non-limiting embodiment the term is
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defined to be within 10%, in another embodiment within 5%, in another embodiment
within 1%, and in another embodiment within 0.5%. The term “coupled” as used
herein is defined as connected, although not necessarily directly and not necessarily
mechanically. A device or structure that is “configured” in a certain way is
configured in at least that way, but may also be configured in ways that are not listed.
[0040] It will be appreciated that some embodiments may be comprised of one or
more generic or specialized processors (or “processing devices”) such as
microprocessors, digital signal processors, customized processors, and field
programmable gate arrays (FPGAs), and unique stored program instructions
(including both software and firmware) that control the one or more processors to
implement, in conjunction with certain non-processor circuits, some, most, or all of
the functions of the method and/or apparatus described herein. Alternatively, some or
all functions could be implemented by a state machine that has no stored program
instructions, or in one or more application specific integrated circuits (ASICs), in
which each function or some combinations of certain of the functions are
implemented as custom logic. Of course, a combination of the two approaches could
be used.

[0041] Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
(e.g., comprising a processor) to perform a method as described and claimed herein.
Examples of such computer-readable storage mediums include, but are not limited to,
a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a ROM
(Read Only Memory), a PROM (Programmable Read Only Memory), an EPROM
(Erasable Programmable Read Only Memory), an EEPROM (Electrically Erasable
Programmable Read Only Memory) and a Flash memory. Further, it is expected that
one of ordinary skill, notwithstanding possibly significant effort and many design
choices motivated by, for example, available time, current technology, and economic
considerations, when guided by the concepts and principles disclosed herein, will be
readily capable of generating such software instructions and programs and ICs with
minimal experimentation.

[0042] The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding
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that it will not be used to interpret or limit the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, it can be seen that various features are
grouped together in various embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an
intention that the claimed embodiments require more features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive subject matter
lies in less than all features of a single disclosed embodiment. Thus, the following
claims are hereby incorporated into the Detailed Description, with each claim

standing on its own as a separately claimed subject matter.
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CLAIMS:
1. A dimensioning system for dimensioning a moving freight in motion
along an uninterrupted path in a venue, the dimensioning system comprising:
a ranging system configured to capture a plurality of successive point clouds
representative of the moving freight;
a tracking system configured to track a plurality of successive positions and
orientations of the moving freight; and
a computing device in communication with the ranging system and the
tracking system, the computing device configured to:
correlate each of the successive point clouds with each of the
successive positions and orientations of the moving freight;
combine the correlated point clouds to obtain a composite point cloud
representative of the moving freight; and

process the composite point cloud to dimension the moving freight.

2. The dimensioning system of claim 1, wherein a freight mover is to

move the freight along the uninterrupted path past the ranging and tracking systems.

3. The dimensioning system of claim 2, wherein the composite point
cloud includes data points corresponding to the freight and the freight mover, and the
computing device is configured to:

remove the data points corresponding to the freight mover from the composite
point cloud;

enclose the data points of the composite point cloud with a bounding box
having dimensions; and

dimension the moving freight from the dimensions of the bounding box.

4, The dimensioning system of claim 2, wherein the tracking system
includes a detector mounted on one of the freight mover and the venue, and
configured to detect each of the successive positions and orientations of the moving

freight.
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5. The dimensioning system of claim 4, wherein:

the tracking system includes an emitter configured to emit a signal;

the detector is to detect the emitted signal;

one of the emitter and the detector is mounted on the freight mover for joint
movement therewith; and

the other of the emitter and the detector is mounted in the venue remotely from

the freight mover.

6. The dimensioning system of claim 5, wherein:

the emitter includes at least one light emitting diode (LED) mounted on the
freight mover configured to emit light in a predetermined light pattern; and

the detector includes at least one camera stationarily mounted in the venue for

detecting the predetermined light pattern.

7. The dimensioning system of claim 5, wherein the detector includes a
camera mounted on the freight mover, and configured to image at least one feature
arranged at a known, fixed location in the venue to locate each of the successive

positions and orientations of the moving freight.

8. The dimensioning system of claim 1, wherein the ranging system
includes at least one three-dimensional (3D) camera deployed at a location through

which the freight is moved.

9. The dimensioning system of claim 8, wherein the at least one 3D
camera is stationarily mounted in the venue, and the 3D camera includes a sensor

pointed at an area of expected travel associated with the moving freight.

10. The dimensioning system of claim 1, wherein the tracking system is
configured to:
assign a time stamp to each of the successive positions and orientations of the

moving freight; and
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correlate each of the successive point clouds with each of the successive time-

stamped positions and orientations of the moving freight.

11. A method of dimensioning a moving freight in motion along an
uninterrupted path in a venue, the method comprising:

capturing a plurality of successive point clouds representative of the moving
freight;

tracking a plurality of successive positions and orientations of the moving
freight;

correlating each of the successive point clouds with each of the successive
positions and orientations of the moving freight;

combining the correlated point clouds to obtain a composite point cloud of the
moving freight; and

processing the composite point cloud to dimension the moving freight.

12. The method of claim 11, wherein a freight mover moves the freight

along the uninterrupted path in the venue.

13. The method of claim 12, wherein:
the composite point cloud includes data points representative of the freight and
the freight mover;

the processing is performed by:

removing the data points corresponding to the freight mover from the
composite point cloud;

enclosing the composite point cloud with a bounding box having
dimensions; and

dimensioning the moving freight from the dimensions of the bounding

box.

14.  The method of claim 12, further comprising detecting each of the
successive positions and orientations of the moving freight with a detector mounted
on one of the freight mover and the venue.
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15. The method of claim 14, wherein:

the tracking is performed by emitting a signal from an emitter mounted on one
of the freight mover and the venue; and

the detector detects the emitted signal, the detector mounted on the other one

of the freight mover and the venue.

16.  The method of claim 15, further comprising configuring the emitter
with at least one light emitting diode (LED) mounted on the freight mover to emit
light in a predetermined light pattern, and configuring the detector with at least one

camera stationarily mounted in the venue to detect the predetermined light pattern.

17.  The method of claim 14, further comprising configuring the detector
with a camera mounted on the freight mover to image at least one feature arranged at
a known, fixed location in the venue to locate each of the successive positions and

orientations of the moving freight.

18.  The method of claim 11, wherein the capturing is performed by
deploying at least one three-dimensional (3D) camera at a location through which the

freight is moved.

19.  The method of claim 18, further comprising stationarily mounting the
at least one 3D camera in the venue an area of expected travel associated with the

moving freight.

20.  The method of claim 11, further comprising assigning a time stamp to
each of the successive positions and orientations of the moving freight, and
correlating each of the successive point clouds with each of the successive time-

stamped positions and orientations of the moving freight.

17



WO 2018/097915

14

SERVER

(7" TaAVaVAVAYAYAVAYAV\

PCT/US2017/057669

FIG. 1



WO 2018/097915

3D CAMERA
20§

2/8

3D CAMERA

20E

PCT/US2017/057669

FIG. 2




PCT/US2017/057669

3/8

WO 2018/097915

)
429




WO 2018/097915 PCT/US2017/057669

4/8

18

' “\z,/!// y;/ ’//{\A\\
NG A\
SN AN
e “V’V\\Q\i\\‘g AN\ @

VoR)_e

. \ A ¥ ‘\/'/\
NSRRI ' ———— /al
N e

FIG. 4



WO 2018/097915 PCT/US2017/057669

5/8




PCT/US2017/057669

WO 2018/097915

6/8

9 OId

28 4o 96 g 09
\ \ \ \ \
1HOITYA + X0 1HOITYS
1404 I1V10SI ONIANNOY WYO4 NOISNawIa [ 1HOF¥4 HOIIM —=p  1HDIFYd AVOT
T0YULNOD FUNLdYD
IVIINNDIS  [6¢
09~ ;_Smnm_ mmu%_\,_ou anom e ]
EIERNS) INtod unlav [0 (MN[0
.
[ )
anom |
INod JnLavd [5 (PPN
a ~9%
NOILV.INITYO ANV 1
NOLLISOd owdl [ (V¥ N8
NOLLVLNITYO ~
7™ Gy NoLIsoe :
NOLLY.LNIIYO ANV ]
NOLLISOd YovL [ ™| NN




WO 2018/097915 PCT/US2017/057669

FIG. 8



WO 2018/097915

8/8

100~

CAPTURE AND CORRELATE 3D POINT
CLOUDS (X,Y,2)

'

102~

DETECT AND REMOVE BACKGROUND
(RANSAC DETECTION)

‘

104~

USE EUCLIDEAN CLUSTERING

l

106~

EXTRACT THE FREIGHT

l

108~

ESTIMATE THE CONVEX HULL OF
THE FREIGHT

‘

110~

FIT MINIMUM VOLUME BOUNDING
BOX BASED ON THE CONVEX HULL

l

ESTIMATED DIMENSIONS/ VOLUME

FIG. 9

PCT/US2017/057669



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 17/57669

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO1B 11/14 (2017.01)
CPC

- G01B 11/24, GO1B 11/02, GO3F 7/70625, GO1B 11/14, GO1N 21/4788

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 2016/020038 A1 (Cargometer Gmbh) 11 February 2016 (11.02.2016), (see machine 1-20
translation - pg. 2, col. 1, para. 4 and 6, pg. 3, col. 1, para. 7, pg. 5, col. 1, para. 11, pg. 8, para.
5, and pg. 9, para. 4).

Y WO 2014/092552 A2 (Mimos Berhad) 19 June 2014 (19.06.2014) pg. 7-8, para. [0022]; pg. 12, | 1-20
para [0033] to pg. 14, para [0035]; pg. 15, para [0036])).

Y US 2002/0164236 A1 (Fukuhara et al.) 07 November 2002 (07.11.2002), para. [0029] and 5-7, 15-17
[0031}, and Fig. 5.

Y US 2016/0150217 A1 (Cappasity Inc.) 26 May 2016 (26.05.2016) para [0044], [0046], [0054]- 10, 20
[0055]

Y US 2013/0299313 A1 (Baek, IV et al.) 14 November 2013 (14.11.2013), para. [0022], [0035], 6, 16
[0045}, and [0058], and Fig. 3.

A US 2004/0240754 A1 (Smith et al.) 02 December 2004 (02.12.2004), para. [0012], [0053], 1-20
[0087], [0092], {0094, [0104], [0136], and [0145], and Figs. 1, 10A-108, 14, and 30-31.

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the apghqauon but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is takcn alone

wp
D'

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

21 December 2017 (21.12.2017)

Date of mailing of the international search report

03 JAN 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report

