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(57) Abstract: Systems and methods for volume dimensioning packages are provided. A method of operating a volume dimension-
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point of view as captured using at least one image sensor. The system can determine from the received image data a number of fea -
tures in three dimensions of the first three-dimensional object. Based at least on part on the determined features of the first three-di-
mensional object, the system can fit a first three-dimensional packaging wireframe model about the first three-dimensional object.
The system can display of an image of the first three-dimensional packaging wireframe model fitted about an image of the first three-
dimensional object on a display device.
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VOLUME DIMENSIONING SYSTEMS AND METHODS

BACKGROUND

Field

This disclosure generally relates to non-contact systems and

methods for determining dimensions and volume of one or more objects.

Description of the Related Art

Volume dimensioning systems are useful for providing
dimensional and volumetric data related to three-dimensional objects disposed
within the point of view of the volume dimensioning system. Such dimensional
and volumetric information is useful for example, in providing users with
accurate shipping rates based on the actual size and volume of the object being
shipped. Additionally, the volume dimensioning system’s ability to transmit
parcel data immediately to a carrier can assist the carrier in selecting and
scheduling appropriately sized vehicles based on measured cargo volume and
dimensions. Finally, the ready availability of dimensional and volumetric
information for all the objects within a carrier’s network assists the carrier in
ensuring optimal use of available space in the many different vehicles and
containers used in local, interstate, and international commerce.

Automating the volume dimensioning process can speed parcel
intake, improve the overall level of billing accuracy, and increase the efficiency
of cargo handling. Unfortunately, parcels are not confined to a standard size or
shape, and may, in fact, have virtually any size or shape. Additionally, parcels
may also have specialized handling instructions such as a fragile side that must
be protected during shipping or a side that must remain up throughout shipping.
Automated systems may struggle with assigning accurate dimensions and
volumes to irregularly shaped objects, with a single object that may be
represented as a combination of two objects (e.g., a guitar) or with multiple

objects that may be better represented as a single object (e.g., a pallet holding



10

15

20

25

30

WO 2013/166368 PCT/US2013/039438

multiple boxes that will be shrink-wrapped for transit). Automated systems may
also struggle with identifying a particular portion of an object as being “fragile”
or a particular portion of an object that should remain “up” while in transit.
Providing users with the ability to identify and/or confirm the
shape and/or numbers of either single objects or individual objects within a
group or stack of objects and to identify the boundaries of irregularly shaped
objects benefits the user in providing cartage rates that are proportionate to the
actual size and/or volume of the parcel being shipped. Involving the user in
providing accurate shape and/or volume data for a parcel or in providing an
accurate outline of an irregularly shaped parcel also benefits the carrier by
providing data that can be used in optimizing transport coordination and
planning. Providing the user with the ability to designate one or more special
handling instructions provides the user with a sense of security that the parcel
will be handled in accordance with their wishes, that fragile objects will be
protected and that “up” sides will be maintained on the “top” of the parcel during
transport. The special handling instructions also benefit the transporter by
providing information that can be useful in load planning (ensuring, for example,
“fragile” sides remain protected and “up” sides remain “up” in load planning)

and in reducing liability for mishandled parcels that are damaged in transit.

BRIEF SUMMARY

A method of operation of a volume dimensioning system may be
summarized as including receiving image data of an area from a first point of
view by at least one nontransitory processor-readable medium from at least one
image sensor, the area including at least a first three-dimensional object to be
dimensioned; determining from the received image data a number of features in
three dimensions of the first three-dimensional object by at least one processor
communicatively coupled to the at least one nontransitory processor-readable
medium; based at least on part on the determined features of the first three-
dimensional object, fitting a first three-dimensional packaging wireframe model

about the first three-dimensional object by the at least one processor; and
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causing a displaying of an image of the first three-dimensional packaging
wireframe model fitted about an image of the first three-dimensional object on a
display on which the image of the first three-dimensional object is displayed.
The method may further include receiving at least one user input
via a user interface, the user input indicative of a change in a position of at least
a portion of the displayed image of the first three-dimensional packaging
wireframe model relative to the displayed image of the first three-dimensional
object; and causing a displaying of an updated image of the first three-
dimensional packaging wireframe model fitted about the image of the first three-
dimensional object on the display. The method may further include receiving at
least one user input via a user interface, the user input indicative of a change in
a position of at least a portion of the displayed image of the three-dimensional
packaging wireframe model relative to the displayed image of the first three-
dimensional object; based at least in part on the received user input, fitting a
second three-dimensional packaging wireframe model about the first three-
dimensional object by the at least one processor, the second three-dimensional
packaging wireframe model having a different geometrical shape than the first
three-dimensional wireframe model; and causing a displaying of an image of
the second three-dimensional packaging wireframe model fitted about the
image of the first three-dimensional object on the display. The method may
further include receiving at least one user input via a user interface, the user
input indicative of an identification of a second three-dimensional object, the
second three-dimensional object different from the first three-dimensional
object; based at least in part on the received user input, fitting a second three-
dimensional packaging wireframe model about the second three-dimensional
object by the at least one processor, the second three-dimensional wireframe
model; and causing a displaying of an image of the second three-dimensional
packaging wireframe model fitted about the image of the second three-
dimensional object on the display. The at least one processor may cause the
concurrent displaying of the image of the first three-dimensional packaging

wireframe model fitted about the image of the first three-dimensional object on
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the display and the image of the second three-dimensional packaging
wireframe model fitted about the image of the second three-dimensional object
on the display. The method may further include receiving at least one user
input via a user interface, the user input indicative of an identification of at least
one portion of the first three-dimensional object; based at least in part on the
received user input, fitting one three-dimensional packaging wireframe model
about a first portion of the first three-dimensional object by the at least one
processor; based at least in part on the received user input, fitting one three-
dimensional packaging wireframe model about a second portion of the first
three-dimensional object by the at least one processor; and causing a
concurrent displaying of an image of the three-dimensional wireframe models
respectively fitted about the image of the first and the second portions of the
first three-dimensional object on the display. The at least one processor may
cause the displaying of the image of the first three-dimensional packaging
wireframe model fitted about the image of the first three-dimensional object on
the display to rotate about an axis. The method may further include receiving
image data of the area from a second point of view by at least one nontransitory
processor-readable medium from at least one image sensor, the second point
of view different from the first point of view; determining from the received
image data at least one additional feature in three dimensions of the first three-
dimensional object by at least one processor; based on the determined features
of the first three-dimensional object, at least one of adjusting the first three-
dimensional packaging wireframe model or fitting a second three-dimensional
packaging wireframe model about the first three-dimensional object by the at
least one processor; and causing a displaying of an image of at least one of the
adjusted first three-dimensional packaging wireframe model or the second
three-dimensional packaging wireframe model fitted about the image of the first
three-dimensional object on the display. Fitting a first three-dimensional
packaging wireframe model about the first three-dimensional object by the at
least one processor may include selecting from a number of defined geometric

primitives that define respective volumes and sizing at least one dimension of
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the selected geometric primitive based on a corresponding dimension of the
first three-dimensional object such that the first three-dimensional object is
completely encompassed by the selected and sized geometric primitive. The
method may further include producing a wireframe model of the first three-
dimensional object; and causing a concurrently displaying of the wireframe
model of the first three-dimensional object along with the three-dimensional
packaging wireframe model. The method may further include receiving at least
one user input via a user interface, the user input indicative of a geometric
primitive of the first three-dimensional object; and selecting the first three-
dimensional object from a plurality of three-dimensional objects represented in
the image data by at least one processor, based at least in part on the user
input indicative of the geometric primitive of the first three-dimensional object.
Selecting the first three-dimensional object from a plurality of three-dimensional
objects represented in the image data based at least in part on the user input
indicative of the geometric primitive of the first three-dimensional object
includes determining which of the three-dimensional objects has a geometric
primitive that most closely matches the geometric primitive indicated by the
received user input. The method may further include receiving at least one
user input via a user interface, the user input indicative of an acceptance of the
first three-dimensional packaging wireframe model; and performing at least a
volumetric calculation using a number of dimensions of the selected three-
dimensional packaging wireframe model. The method may further include
receiving at least one user input via a user interface, the user input indicative of
a rejection of the first three-dimensional packaging wireframe model; and in
response to the received user input, fitting a second three-dimensional
packaging wireframe model about the first three-dimensional object by the at
least one processor, the second three-dimensional packaging wireframe model
having a different geometric primitive than the first three-dimensional wireframe
model; and causing a displaying of an image of the second three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display. The method may further include receiving at least one
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user input via a user interface, the user input indicative of a second three-
dimensional packaging wireframe model, the second three-dimensional
packaging wireframe model having a different geometric primitive than the first
three-dimensional wireframe model; in response to the received user input,
fitting the second three-dimensional packaging wireframe model about the first
three-dimensional object by the at least one processor; and causing a
displaying of an image of the second three-dimensional packaging wireframe
model fitted about the image of the first three-dimensional object on the display
by the at least one processor. The method may further include causing by the
at least one processor a displaying of a plurality of user selectable icons, each
corresponding to a respective one of a plurality of three-dimensional packaging
wireframe model and selectable by a user to be fitted to the first three-
dimensional object. The method may further include receiving at least one user
input via a user interface, the user input indicative of a region of interest of the
displayed image of the first three-dimensional object; and in response to the
received user input, causing by the at least one processor a displaying of an
enlarged image of a portion of the first three-dimensional object corresponding
to the region of interest by the display. The method may further include causing
by the at least one processor a displaying of a plurality of user selectable icons,
each corresponding to a respective one of a plurality of three-dimensional
packaging wireframe model and selectable by a user to be fitted to the first
three-dimensional object. 19. The method of claim 1 wherein the volume
dimensioning system comprises a computer having a first processor, a camera
and the display, and the volume dimensioning system further comprises a
volume dimensioning system having a second processor, the volume
dimensioning system selectively detachably coupleable to the computer, and
causing a displaying of an image of the first three-dimensional packaging
wireframe model fitted about an image of the first three-dimensional object on a
display on which the image of the first three-dimensional object is displayed

includes the second processor causing the first processor to display the image
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of the first three-dimensional packaging wireframe model fitted about the image
of the first three-dimensional object on the display of the first computer.

A volume dimensioning system may be summarized as including
at least one image sensor communicably coupled to at least one nontransitory
processor-readable medium; at least one processor communicably coupled to
the at least one nontransitory processor-readable medium; a machine
executable instruction set stored within at least one nontransitory processor-
readable medium, that when executed by the at least one processor causes the
at least one processor to: read image data from the at least one nontransitory
processor-readable medium, the image data associated with a first point of view
of an area sensed by the at least one image sensor, the area including at least
a first three-dimensional object to be dimensioned; determine from the received
image data a number of features in three dimensions of the first three-
dimensional object; based at least on part on the determined features of the
first three-dimensional object, fit a first three-dimensional packaging wireframe
model about the first three-dimensional object; and cause a display of an image
of the first three-dimensional packaging wireframe model fitted about an image
of the first three-dimensional object on a display device.

The machine executable instruction set may further include
instructions, that when executed by the at least one processor cause the at
least one processor to: select from a number of defined geometric primitives
that define respective volumes and sizing at least one dimension of the
selected geometric primitive based on a corresponding dimension of the first
three-dimensional object such that the first three-dimensional object is
completely encompassed by the selected and sized geometric primitive;
produce a wireframe model of the first three-dimensional object; and cause a
concurrent display of the wireframe model of the first three-dimensional object
along with the three-dimensional packaging wireframe model. The machine
executable instruction set stored within at least one nontransitory processor-
readable medium may further include instructions, that when executed by the at

least one processor cause the at least one processor to: responsive to a user
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input received by the at least one processor, change a position of at least a
portion of the displayed image of the first three-dimensional packaging
wireframe model relative to the displayed image of the first three-dimensional
object; and cause a display of an updated image of the first three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional
object on the display device. The machine executable instruction set stored
within at least one nontransitory processor-readable medium may further
include instructions, that when executed by the at least one processor cause
the at least one processor to: responsive to a user input received by the at least
one processor, change a position of at least a portion of the displayed image of
the three-dimensional packaging wireframe model relative to the displayed
image of the first three-dimensional object; responsive to a user input received
by the at least one processor, fit a second three-dimensional packaging
wireframe model about the first three-dimensional object, the second three-
dimensional packaging wireframe model having a different geometrical shape
than the first three-dimensional wireframe model; and cause a display of an
image of the second three-dimensional packaging wireframe model fitted about
the image of the first three-dimensional object on the display device. The
machine executable instruction set stored within at least one nontransitory
processor-readable medium may further include instructions, that when
executed by the at least one processor cause the at least one processor to:
responsive to a user input received by the at least one processor, the user input
indicative of an identification of a second three-dimensional object different from
the first three-dimensional object, fit a second three-dimensional packaging
wireframe model about the second three-dimensional object; and cause a
display of an image of the second three-dimensional packaging wireframe
model fitted about the image of the second three-dimensional object on the
display. The machine executable instruction set stored within at least one
nontransitory processor-readable medium may further include instructions, that
when executed by the at least one processor cause the at least one processor

to: responsive to a user input received by the at least one processor, the user
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input indicative of an identification of at least one portion of the first three-
dimensional object, fit a three-dimensional packaging wireframe model about a
first portion of the first three-dimensional object; responsive to a user input
received by the at least one processor, the user input indicative of an
identification of at least one portion of the first three-dimensional object, fit a
three-dimensional packaging wireframe model about a second portion of the
first three-dimensional object; and cause a display of an image of the three-
dimensional wireframe models fitted about the image of the first and the second
portions of the first three-dimensional object on the display device. The
machine executable instruction set stored within at least one nontransitory
processor-readable medium may further include instructions, that when
executed by the at least one processor cause the at least one processor to:
responsive to a user input received by the at least one processor, the user input
indicative of a second three-dimensional packaging wireframe model having a
different geometric primitive than the first three-dimensional wireframe model, fit
the second three-dimensional packaging wireframe model about the first three-
dimensional object by the at least one processor; and cause a display of an
image of the second three-dimensional packaging wireframe model fitted about
the image of the first three-dimensional object on the display. The machine
executable instruction set stored within at least one nontransitory processor-
readable medium may further include instructions, that when executed by the at
least one processor cause the at least one processor to: cause a display of a
plurality of user selectable icons on the display device, each user selectable
icon corresponding to a respective one of a plurality of three-dimensional
packaging wireframe models and selectable by a user to be fitted to the first
three-dimensional object.

A method of operation of a volume dimensioning system may be
summarized as including receiving image data of an area from a first point of
view by at least one nontransitory processor-readable medium from at least one
image sensor, the area including at least a first three-dimensional object to be

dimensioned; determining from the received image data a number of features in
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three dimensions of the first three-dimensional object by at least one processor
communicatively coupled to the at least one nontransitory processor-readable
medium; based at least in part on the determined features of the first three-
dimensional object, identifying a first portion and at least a second portion of the
first three-dimensional object by the at least one processor; based on the
determined features of the first three-dimensional object, fitting a first three-
dimensional packaging wireframe model about the first portion of the first three-
dimensional object by the at least one processor; based on the determined
features of the first three-dimensional object, fitting a second three-dimensional
packaging wireframe model about the second portion of the first three-
dimensional object by the at least one processor; and causing a concurrent
displaying of an image of the first and the second three-dimensional wireframe
models respectively fitted about the image of the first and the second portions
of the first three-dimensional object on the display.

The method may further include receiving at least one user input
via a user interface, the user input indicative of a change in a position of at least
a portion of the displayed image of at least one of the first three-dimensional
packaging wireframe model or the second three-dimensional packaging
wireframe model relative to the displayed image of the first and second portions
of the first three-dimensional object, respectively; and causing a displaying of
an updated image of the first and second three-dimensional packaging
wireframe models fitted about the image of the first and second portions of the
first three-dimensional object on the display. The method may further include
receiving at least one user input via a user interface, the user input indicative of
a change in a position of at least a portion of the displayed image of at least
one of the first three-dimensional packaging wireframe model or the second
three-dimensional packaging wireframe model relative to the displayed image
of the first three-dimensional object; based at least in part on the received user
input, fitting a replacement three-dimensional packaging wireframe model about
at least one of the first or second portions of the first three-dimensional object

by the at least one processor, the replacement three-dimensional packaging
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wireframe model having a different geometric primitive than the first or second
three-dimensional wireframe model that it replaces; and causing a displaying of
an image of at least the replacement three-dimensional packaging wireframe
model fitted about the image of the first three-dimensional object on the display.
The at least one processor may cause the displaying of the image of the first
and the second three-dimensional packaging wireframe model fitted about the
image of the first three-dimensional object on the display to rotate about an
axis. The method may further include receiving image data of the area from a
second point of view by at least one nontransitory processor-readable medium
from at least one image sensor, the second point of view different from the first
point of view; determining from the received image data at least one additional
feature in three dimensions of the first three-dimensional object by at least one
processor; based on the determined features of the first three-dimensional
object, performing at least one of adjusting the first or second three-dimensional
packaging wireframe model or fitting a third three-dimensional packaging
wireframe model about at least a portion of the first three-dimensional object
not discernible from the first point of view by the at least one processor; and
causing a displaying of an image of at least one of the adjusted first or second
three-dimensional packaging wireframe model or the first, second, and third
three-dimensional packaging wireframe models fitted about the image of the
first three-dimensional object on the display. Fitting a first three-dimensional
packaging wireframe model about the first three-dimensional object by the at
least one processor may include selecting the first three-dimensional packaging
wireframe model from a number of defined geometric primitives that define
respective volumes and sizing at least one dimension of the selected geometric
primitive based on a corresponding dimension of the first portion of the first
three-dimensional object such that the first portion of the first three-dimensional
object is completely encompassed by the selected and sized geometric
primitive; and wherein fitting a second three-dimensional packaging wireframe
model about the second portion of the first three-dimensional object by the at

least one processor may include selecting the second three-dimensional
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packaging wireframe model from the number of defined geometric primitives
that define respective volumes and sizing at least one dimension of the
selected geometric primitive based on a corresponding dimension of the
second portion of the first three-dimensional object such that the second portion
of the first three-dimensional object is completely encompassed by the selected
and sized geometric primitive. The method may further include producing a
wireframe model of the first three-dimensional object; and causing a
concurrently displaying of the wireframe model of the first three-dimensional
object along with the first and second three-dimensional packaging wireframe
models by the display. The method may further include receiving at least one
user input via a user interface, the user input indicative of a geometric primitive
of at least the first portion or the second portion of the first three-dimensional
object; and selecting the first three-dimensional object from a plurality of three-
dimensional objects represented in the image data by at least one processor,
based at least in part on the user input indicative of the geometric primitive of at
least a portion of the first three-dimensional object. Selecting the first three-
dimensional object from a plurality of three-dimensional objects represented in
the image data by at least one processor, based at least in part on the user
input indicative of the geometric primitive of at least a portion of the first three-
dimensional object may include determining which of the three-dimensional
objects contains a portion having a geometric primitive that most closely
matches the geometric primitive indicated by the received user input. The
method may further include receiving at least one user input via a user
interface, the user input indicative of an acceptance of the first three-
dimensional packaging wireframe model and the second three-dimensional
packaging wireframe model; and performing at least a volumetric calculation
using a number of dimensions of the selected first and second three-
dimensional packaging wireframe models. The method may further include
receiving at least one user input via a user interface, the user input indicative of
a rejection of at least one of the first three-dimensional packaging wireframe

model or the second three-dimensional packaging wireframe model; and in
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response to the received user input, fitting a replacement three-dimensional
packaging wireframe model about the first or second portion of the first three-
dimensional object by the at least one processor, the replacement three-
dimensional packaging wireframe model having a different geometric primitive
than the first or second three-dimensional wireframe model that it replaces; and
causing a displaying of an image of the replacement three-dimensional
packaging wireframe model fitted about at least a portion of the image of the
first three-dimensional object on the display. The method may further include
receiving at least one user input via a user interface, the user input indicative of
a replacement three-dimensional packaging wireframe model, the replacement
three-dimensional packaging wireframe model having a different geometric
primitive than at least one of the first three-dimensional wireframe model and
the second three-dimensional wireframe model; in response to the received
user input, fitting the replacement three-dimensional packaging wireframe
model about either the first or second portion of the first three-dimensional
object by the at least one processor; and causing a displaying of an image of
the replacement three-dimensional packaging wireframe model fitted about the
image of the first three-dimensional object on the display by the at least one
processor. The method may further include causing by the at least one
processor a displaying of a plurality of user selectable options, each user
selectable option corresponding to a respective one of a plurality of three-
dimensional packaging wireframe model and selectable by a user to be fitted to
either the first or second portion of the first three-dimensional object.

A volume dimensioning system may be summarized as including
at least one image sensor communicably coupled to at least one nontransitory
processor-readable medium; at least one processor communicably coupled to
the at least one nontransitory processor-readable medium; and a machine
executable instruction set stored within at least one nontransitory processor-
readable medium, that when executed by the at least one processor causes the
at least one processor to: read image data from the at least one nontransitory

processor-readable medium, the image data associated with a first point of view
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of an area sensed by the at least one image sensor, the area including at least
a first three-dimensional object to be dimensioned; determine from the received
image data a number of features in three dimensions of the first three-
dimensional object; based at least in part on the determined features of the first
three-dimensional object, identify a first portion and at least a second portion of
the first three-dimensional object; based on the determined features of the first
three-dimensional object, fit a first three-dimensional packaging wireframe
model about the first portion of the first three-dimensional object; based on the
determined features of the first three-dimensional object, fit a second three-
dimensional packaging wireframe model about the second portion of the first
three-dimensional object; and cause a concurrent display of an image of the
first and the second three-dimensional wireframe models fitted about the image
of the first and the second portions of the first three-dimensional object.

The first three-dimensional wireframe model may be a first
geometric primitive; and wherein the second three-dimensional wireframe
model may be a second geometric primitive.

A method of operation of a volume dimensioning system may be
summarized as including receiving image data of an area from a first point of
view by at least one nontransitory processor-readable medium from at least one
image sensor, the area including at least a first three-dimensional object to be
dimensioned; determining that there are insufficient features in the image data
to determine a three-dimensional volume occupied by the first three-
dimensional object; in response to the determination, generating an output to
change at least one of a relative position or orientation of at least one image
sensor with respect to at least the first three-dimensional object to obtain image
data from a second point of view, the second point of view different from the
first point of view.

Generating an output to change at least one of a relative position
or orientation of at least one image sensor with respect to at least the first
three-dimensional object to obtain image data from a second point of view may

include generating at least one output, including at least one of an audio output

14



10

15

20

25

30

WO 2013/166368 PCT/US2013/039438

or a visual output that is perceivable by a user. The at least one output may
indicate to the user a direction of movement to change at least one of a relative
position or orientation of the at least one sensor with respect to the first three-
dimensional object. The method may further include causing a displaying of an
image of a two-dimensional packaging wireframe model fitted about a portion of
an image of the first three-dimensional object on a display on which the image
of the first three-dimensional object is displayed. The causing of the displaying
of the image of the two-dimensional packaging wireframe model fitted about the
portion of the image of the first three-dimensional object may occur before
generating the output.

A volume dimensioning system may be summarized as including
at least one image sensor communicably coupled to at least one nontransitory
processor-readable medium; at least one processor communicably coupled to
the at least one nontransitory processor-readable medium; and a machine
executable instruction set stored within at least one nontransitory processor-
readable medium, that when executed by the at least one processor causes the
at least one processor to: read image data from the at least one nontransitory
processor-readable medium, the image data associated with a first point of view
of an area sensed by the at least one image sensor, the area including at least
a first three-dimensional object to be dimensioned; determine from the received
image data that there are an insufficient number of features in the image data to
determine a three-dimensional volume occupied by the first three-dimensional
object; responsive to the determination of an insufficient number of features in
the image data, generate an output to change at least one of a relative position
or orientation of at least one image sensor with respect to at least the first
three-dimensional object to obtain image data from a second point of view, the
second point of view different from the first point of view.

The machine executable instruction set may further include
instructions that when executed by the at least one processor further cause the
at least one processor to: generate at least one output, including at least one of

an audio output or a visual output that is perceivable by a user. The at least
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one output may indicate to the user a direction of movement to change at least
one of a relative position or orientation of the at least one sensor with respect to
the first three-dimensional object.

A method of operation of a volume dimensioning system may be
summarized as including receiving image data of an area from a first point of
view by at least one nontransitory processor-readable medium from at least one
image sensor, the area including at least a first three-dimensional object to be
dimensioned; receiving at least one user input via a user interface
communicably coupled to at least one processor, the user input indicative of at
least a portion of the three-dimensional packaging wireframe model of the first
three-dimensional object; in response to the received user input, fitting the user
inputted three-dimensional packaging wireframe model to at least a portion of
one or more edges of the first three-dimensional object by the at least one
processor; and causing a displaying of an image of the user inputted three-
dimensional packaging wireframe model fitted about the image of the first three-
dimensional object on the display by the at least one processor.

The at least one processor may cause the displaying of the image
of the first three-dimensional packaging wireframe model fitted about the image
of the first three-dimensional object on the display to rotate about an axis. The
method may further include receiving image data of the area from a second
point of view by at least one nontransitory processor-readable medium from at
least one image sensor, the second point of view different from the first point of
view; determining from the received image data at least one additional feature
in three dimensions of the first three-dimensional object by at least one
processor; based on the determined features of the first three-dimensional
object, performing at least one of adjusting the three-dimensional packaging
wireframe model by accepting additional user input via the user interface
communicably coupled to at least one processor, the additional user input
indicative the first three-dimensional packaging wireframe model; and causing a
displaying of an image of at least one of the adjusted first three-dimensional

packaging wireframe model fitted about the image of the first three-dimensional
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object on the display. The method may further include receiving at least one
user input via a user interface, the user input indicative of an acceptance of the
first three-dimensional packaging wireframe model; and performing at least a
volumetric calculation using a number of dimensions of the selected three-
dimensional packaging wireframe model.

A method of operation of a volume dimensioning system may be
summarized as including receiving image data of an area from a first point of
view by at least one nontransitory processor-readable medium from at least one
image sensor, the area including at least a first three-dimensional void to be
dimensioned; determining from the received image data a number of features in
three dimensions of the first three-dimensional void by at least one processor
communicatively coupled to the at least one nontransitory processor-readable
medium; based at least on part on the determined features of the first three-
dimensional void, fitting a first three-dimensional receiving wireframe model
within the first three-dimensional void by the at least one processor; and
causing a displaying of an image of the first three-dimensional receiving
wireframe model fitted within an image of the first three-dimensional void on a
display on which the image of the first three-dimensional void is displayed.

The method may further include calculating by the at least one
processor, at least one of an available receiving dimension and an available
receiving volume encompassed by the first three-dimensional receiving
wireframe model. The method may further include receiving by the at least one
nontransitory processor-readable medium at least one of dimensional data and
volume data for each of a plurality of three-dimensional objects, the
dimensional data and volume data determined based upon a respective three-
dimensional packaging wireframe model fitted to each of the plurality of three-
dimensional objects and corresponding to at least one of the respective
dimensions and volume of each of the plurality of three-dimensional objects;
and determining by the at least one processor communicably coupled to the at
least one nontransitory processor-readable medium based at least in part on at

least one of the available receiving dimension and an available receiving
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volume encompassed by the first three-dimensional receiving wireframe model
at least one of a position and an orientation of at least a portion of the plurality
of three-dimensional objects within the first three-dimensional void; wherein at
least one of the position and the orientation of at least a portion of the plurality
of three-dimensional objects within the first three-dimensional void minimizes at
least one of: at least one dimension occupied by at least a portion of the
plurality of three-dimensional objects within the first three-dimensional void, or a
volume occupied by at least a portion of the plurality of three-dimensional
objects within the first three-dimensional void. The method may further include
indicating at least one of the position and the orientation of each of the three-
dimensional packaging wireframes associated with each of the plurality of
three-dimensional objects within the first three-dimensional void on the display.

A volume dimensioning system may be summarized as including
at least one image sensor communicably coupled to at least one nontransitory
processor-readable medium; at least one processor communicably coupled to
the at least one nontransitory processor-readable medium; and a machine
executable instruction set stored within at least one nontransitory processor-
readable medium, that when executed by the at least one processor causes the
at least one processor to: read image data from the at least one nontransitory
processor-readable medium, the image data associated with a first point of view
of an area sensed by the at least one image sensor, the area including at least
a first three-dimensional void to be dimensioned; determine from the received
image data a number of features in three dimensions of the first three-
dimensional void; based at least on part on the determined features of the first
three-dimensional void, fit a first three-dimensional receiving wireframe model
within the first three-dimensional void; and cause a display of an image of the
first three-dimensional receiving wireframe model fitted within an image of the
first three-dimensional void on the display device.

The machine executable instruction set may further include
instructions, that when executed by the at least one processor further cause the

at least one processor to: determine at least one of an available receiving
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dimension and an available receiving volume encompassed by the first three-
dimensional receiving wireframe model; receive from the at least one
nontransitory processor-readable medium at least one of dimensional data and
volume data for each of a plurality of three-dimensional objects, the
dimensional data and volume data determined based upon a respective three-
dimensional packaging wireframe model fitted to each of the plurality of three-
dimensional objects and corresponding to at least one of the respective
dimensions and volume of each of the plurality of three-dimensional objects;
and determine based at least in part on at least one of the available receiving
dimension and the available receiving volume encompassed by the first three-
dimensional receiving wireframe model at least one of a position and an
orientation of at least a portion of the plurality of three-dimensional objects
within the first three-dimensional void; wherein at least one of the position and
the orientation of at least a portion of the plurality of three-dimensional objects
within the first three-dimensional void minimizes at least one of: at least one
dimension occupied by at least a portion of the plurality of three-dimensional
objects within the first three-dimensional void, or a volume occupied by at least
a portion of the plurality of three-dimensional objects within the first three-
dimensional void.

A method of operation of a volume dimensioning system may be
summarized as including receiving image data of an area from a first point of
view by at least one nontransitory processor-readable medium from at least one
image sensor, the area including at least a first three-dimensional object to be
dimensioned; determining from the received image data a number of features in
three dimensions of the first three-dimensional object by at least one processor
communicatively coupled to the at least one nontransitory processor-readable
medium; based at least on part on the determined features of the first three-
dimensional object, fitting a first three-dimensional packaging wireframe model
selected from a wireframe library stored within the at least one nontransitory
processor-readable medium about the first three-dimensional object by the at

least one processor; receiving at least one user input via a user interface, the
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user input indicative of a change in a position of at least a portion of the
displayed image of the first three-dimensional packaging wireframe model
relative to the displayed image of the first three-dimensional object; associating
via the processor, a plurality of points differentiating the changed first three-
dimensional packaging wireframe model from all existing wireframe models
within the wireframe library, and the storing the changed first three-dimensional
packaging wireframe model in the wireframe library; and reviewing via the
processor, the wireframe model stored within the wireframe library and
associated with the changed first three-dimensional packaging wireframe model
for subsequent fitting about a new three-dimensional object based at least in
part on the plurality of points differentiating the changed first three-dimensional
packaging wireframe model from all existing wireframe models within the

wireframe library.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

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
arbitrarily enlarged and positioned to improve drawing legibility. Further, the
particular shapes of the elements as drawn, are not intended to convey any
information regarding the actual shape of the particular elements, and have
been solely selected for ease of recognition in the drawings.

Figure 1A is a schematic diagram of an example volume
dimensioning system coupled to a host computer, with two three-dimensional
objects disposed within the field-of-view of the host system camera and the
field-of-view of the volume dimensioning system image sensor.

Figure 1B is a block diagram of the example volume dimensioning

system and host computer depicted in Figure 1A.
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Figure 2 is an example volume dimensioning method using a
volume dimensioning system including an image sensor, a non-transitory,
machine-readable storage, a processor, a camera, and a display device.

Figure 3 is an example volume dimensioning method based on
the method depicted in Figure 2 and including receipt of a corrected first three-
dimensional packaging wireframe model.

Figure 4 is an example volume dimensioning method based on
the method depicted in Figure 2 and including selection of a second three-
dimensional packaging wireframe model to replace the first three-dimensional
packaging wireframe model.

Figure 5 is an example volume dimensioning method based on
the method depicted in Figure 2 and including fitting a first three-dimensional
packaging wireframe model about a first three-dimensional object and fitting a
second three-dimensional packaging wireframe model about a second three-
dimensional object.

Figure 6 is an example volume dimensioning method based on
the method depicted in Figure 2 and including fitting a three-dimensional
packaging wireframe model about a first portion of a first three-dimensional
object and fitting a three-dimensional packaging wireframe model about a
second portion of the first three-dimensional object.

Figure 7 is an example volume dimensioning method based on
the method depicted in Figure 2 and including rotation of the first three-
dimensional packaging wireframe model to detect the existence of additional
three-dimensional features of the three-dimensional object and adjustment of
the first three-dimensional packaging wireframe model or addition of a second
three-dimensional packaging wireframe model to encompass the additional
three-dimensional features.

Figure 8 is an example volume dimensioning method based on
the method depicted in Figure 2 and including receipt of an input including a

geometric primitive and selection of three-dimensional objects within the point
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of view of the image sensor that are substantially similar to or match the
received geometric primitive input.

Figure 9 is an example volume dimensioning method based on
the method depicted in Figure 2 and including acceptance of the fitted first
three-dimensional packaging wireframe model and calculation of the
dimensions and the volume of the first three-dimensional packaging wireframe
model.

Figure 10 is an example volume dimensioning method based on
the method depicted in Figure 2 and including receipt of an input rejecting the
first three-dimensional packaging wireframe model fitted to the three-
dimensional object and selection and fitting of a second three-dimensional
packaging wireframe model to the first three-dimensional object.

Figure 11 is an example volume dimensioning method based on
the method depicted in Figure 2 and including receipt of an input selecting a
second three-dimensional packaging wireframe model and fitting of the second
three-dimensional packaging wireframe model to the first three-dimensional
object.

Figure 12 is an example volume dimensioning method based on
the method depicted in Figure 2 and including receipt of an input indicating a
region of interest within the first point of view and the display of an enlarged
view of the region of interest.

Figure 13 is an example volume dimensioning method including
autonomous identification of first and second portions of a first three-
dimensional object and fitting three-dimensional packaging wireframe models
about each of the respective first and second portions of the three-dimensional
object.

Figure 14 is an example volume dimensioning method including
the determination that an insufficient number of three-dimensional features are
visible within the first point of view to permit the fitting of a first three-

dimensional packaging wireframe model about the three-dimensional object.
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Figure 15 is a schematic diagram of an example volume
dimensioning system coupled to a host computer, with a three-dimensional void
disposed within the field-of-view of the host system camera and the field-of-
view of the volume dimensioning system image sensor.

Figure 16 is an example volume dimensioning method including
the fitting of a first three-dimensional receiving wireframe model within a first
three-dimensional void, for example an empty container to receive one or more
three-dimensional objects.

Figure 17 is an example volume dimensioning method based on
the method depicted in Figure 15 and including the receipt of dimensional or
volumetric data associated with one or more three-dimensional packaging
wireframe models and the determining of positions or orientations of the one or
more three-dimensional packaging wireframe models within the three-
dimensional void.

Figure 18 is an example volume dimensioning method including
the selection of a first geometric primitive based on a pattern of feature points,
the rejection of the first three-dimensional packaging wireframe model, the
selection of a second geometric primitive based on the pattern of feature points,
and the future selection of the second geometric primitive for a similar pattern of

feature points.

DETAILED DESCRIPTION

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, etc. In other instances, well-known structures
associated with sources of electromagnetic energy, operative details
concerning image sensors and cameras and detailed architecture and
operation of the host computer system have not been shown or described in

detail to avoid unnecessarily obscuring descriptions of the embodiments.
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Unless the context requires otherwise, throughout the
specification and claims which follow, the word “comprise” and variations
thereof, such as, “comprises” and “comprising” are to be construed in an open,
inclusive sense, that is, as “including, but not limited to.”

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.

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.

Volume dimensioning systems provide dimensional and
volumetric data for one or more three-dimensional objects located within a
given point of view without requiring the laborious and time-consuming task of
hand measuring and calculating the volume of each individual object. Volume
dimensioning systems typically employ one or more image sensors to obtain or
otherwise capture an image containing the one or more three-dimensional
objects located within the field-of-view of the image sensor. Based on the
shape, overall complexity, or surface contours of each of the three-dimensional
objects, the volume dimensioning system can select one or more geometric
primitives from a library to serve as a model of the three-dimensional object. A

wireframe packaging model based, at least in part, on the selected one or more
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geometric primitives can then be scaled or fitted to encompass the image of
each respective three-dimensional object. The scaled and fitted wireframe
provides a packaging wireframe that includes sufficient t space about the three-
dimensional to include an estimate of the packaging, blocking, padding, and
wrapping used to ship the three-dimensional object. Thus, the three-
dimensional packaging wireframe model generated by the system can be used
to provide shipping data such as the dimensions and volume of not just the
three-dimensional object itself, but also any additional packaging or boxing
necessary to ship the three-dimensional object.

For example, a box shaped three-dimensional object may result in
the selection of a single, cubic, geometric primitive by the volume dimensioning
system as approximating the packaging of the actual three-dimensional object.
The three-dimensional packaging wireframe model associated with a cubic
geometric primitive can then be scaled and fitted to the image of the actual
three-dimensional object within the volume dimensioning system to provide a
model approximating the size and shape of the packaging of the actual three-
dimensional object. From the virtual representation of the three-dimensional
object provided by the three-dimensional packaging wireframe model, the
length, width, height, and volume of the packaging can be determined by the
volume dimensioning system.

In a more complex example, an obelisk shaped three-dimensional
object may result in the selection of two geometric primitives by the volume
dimensioning system, a rectangular prism representing the body of the obelisk
and a four-sided pyramid representing the top of the obelisk. The three-
dimensional packaging wireframe models associated with each of these
geometric primitives can then be scaled and fitted to the image of the actual
three-dimensional object within the volume dimensioning system to provide a
model approximating the size, shape, and proportions of the actual, packaged,
three-dimensional object. From the virtual representation of the three-
dimensional object provided by the three-dimensional packaging wireframe

model, the length, width, height, and volume of the packaged obelisk can be
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determined by the volume dimensioning system. By fitting one or more
geometric primitives about three-dimensional objects having even highly
complex surface features can be encompassed by the one or more relatively
simple geometric primitives to provide a three-dimensional packaging wireframe
model of the packaged three-dimensional object that includes allowances for
packing, padding, bracing, and boxing of the three-dimensional object.

Advantageously, the volume dimensioning system can permit a
user to identify special handling instructions, fragile surfaces, shipping
orientation, and the like on the three-dimensional packaging wireframe model.
Such handling instructions can then be associated with a given object and
where the volume dimensioning system is used to perform load planning,
objects can be positioned and oriented within the load plan in accordance with
the handling instructions.

Additionally, the interactive nature of the volume dimensioning
system can advantageously permit a user to enter, select, or modify the three-
dimensional packaging wireframe model fitted to a particular three-dimensional
object to more closely follow the actual outline, shape, contours, or surfaces of
the object. In some instances, the system can “learn” new geometric primitives
or wireframe models based on received user input, for example user input
altering or modifying the three-dimensional packaging wireframe model fitted by
the volume dimensioning system about three-dimensional objects having a
characteristic size or shape.

Figure 1A depicts an illustrative volume dimensioning system 110
physically and communicably coupled to a host computer 150 using one or
more data busses 112. The volume dimensioning system 110 is equipped with
an image sensor 114 having a field-of-view 116. The host computer 150 is
equipped with a camera 152 having a field-of-view 154 and a display device
156.

Two three-dimensional objects, a pyramidal three-dimensional
object 102a and a cubic three-dimensional object 102b (collectively 102)

appear within the field-of-view 116 of the image sensor 114 and the field-of-
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view 154 of the camera 152. The three-dimensional objects 102 are depicted
as surrounded by a scaled and fitted pyramidal geometric primitive 104a and a
scaled and fitted cubic geometric primitive 104b (collectively 104) as displayed
upon on the one or more display devices 156. Scaled, fitted, three-dimensional
packaging wireframe models 106a, 106b (collectively 106) are depicted as
encompassing the scaled and fitted geometric primitives 104a, 104b,
respectively.

The scaled, fitted three-dimensional packaging wireframe models
106 may be generated by the host computer 150 or, more preferably by the
volume dimensioning system 110. The image on the display device 156 is a
provided in part using the image data acquired by the camera 152 coupled to
the host computer system 150 which provides the virtual representation of the
three-dimensional objects 104, and in part using the scaled and fitted three-
dimensional packaging wireframe models 106 provided by the volume
dimensioning system 110. Data, including visible image data provided by the
camera 152 and depth map data and intensity image data provided by the
image sensor 114 is exchanged between the host computer 150 and the
volume dimensioning system 110 via the one or more data busses 112. In
some instances, the volume dimensioning system 110 and the host computer
system 150 may be partially or completely incorporated within the same
housing, for example a self service kiosk or a handheld computing device.

Figure 1B depicts an operational level block diagram of the
volume dimensioning system 110 and the host computer 150. The volume
dimensioning system 110 can include the image sensor 114 communicably
coupled to one or more non-transitory, machine-readable storage media 118
and one or more processors 120 that are also communicably coupled to the
one or more non-transitory, machine-readable storage media 118. The one or
more processors 120 includes an interface 122 used to exchange data between
the volume dimensioning system 110 and the host computer system 150 via the
one or more data busses 112. The interface 122 can include an I/O controller,

serial port, a parallel port, or a network suitable for receipt of the one or more

27



10

15

20

25

30

WO 2013/166368 PCT/US2013/039438

data busses 112. In one preferred embodiment, the interface 122 can be an
I/O controller having at least one universal serial bus (“‘USB”) connector, and
the one or more data busses 112 can be a USB cable. The volume
dimensioning system 110 can be at least partially enclosed within a housing
124. In a preferred embodiment, the housing 124 can be detachably attached
to the host computer system 150 using one or more attachment features on the
exterior surface of the housing 124, the exterior surface of the host computer
150, or exterior surfaces of both the housing 124 and the host computer 150.

The host computer system 150 can include the camera 152 which
is communicably coupled to a first bridge processor (e.g., a southbridge
processor) 162 via one or more serial or parallel data buses, for example a
universal serial bus (“USB”), a small computer serial interface (“SCSI”) bus, a
peripheral component interconnect (“PCI”) bus, an integrated drive electronics
(“IDE”) bus or similar. One or more local busses 164 communicably couple the
first bridge processor 162 to a second bridge processor (e.g., a northbridge
processor) 176. The one or more non-transitory, machine-readable storage
medium 158 and central processing units (“CPUs”) 160 are communicably
coupled to the second bridge processor 176 via one or more high-speed or high
bandwidth busses 168. The one or more display devices 156 are coupled to
the second bridge processor 176 via an interface 170 such as a Digital Visual
Interface (“DVI”) or a High Definition Multimedia Interface (*"HDMI”). In some
instances, for example where the one or more display devices 156 include at
least one touch-screen display device capable of receiving user input to the
host computer 150, some or all of the one or more display devices 156 may
also be communicably coupled to the first bridge processor 162 via one or more
USB interfaces 172.

The volume dimensioning system 110 is communicably coupled
to the host computer 150 via one or more communication or data interfaces, for
example one or more USB interfaces coupled to a USB bus 174 within the host
computer. The USB bus 174 may also be shared with other peripheral devices,

such as one or more /O devices 166, for example one or more keyboards,
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pointers, touchpads, trackballs, or the like. The host computer 150 can be of

any size, structure, or form factor, including, but not limited to a rack mounted
kiosk system, a desktop computer, a laptop computer, a netbook computer, a
handheld computer, or a tablet computer. Although for clarity and brevity one
specific host computer architecture was presented in detail, those of ordinary

skill in the art will appreciate that any host computer architecture may be used
or substituted with equal effectiveness.

Referring now in detail to the volume dimensioning system 110,
the image sensor 114 includes any number of devices, systems, or
apparatuses suitable for obtaining three-dimensional image data from the
scene within the field-of-view 116 of the image sensor 114. Although referred
to herein as a “three-dimensional image data” it should be understood by one of
ordinary skill in the art that the term may apply to more than one three-
dimensional image and therefore would equally apply to “three-dimensional
video images” which may be considered to comprise a series or time-lapse
sequence including a plurality of “three-dimensional images.” The three-
dimensional image data acquired or captured by the image sensor 114 can
include data collected using electromagnetic radiation either falling within the
visible spectrum (e.g., wavelengths in the range of about 360 nm to about 750
nm) or falling outside of the visible spectrum (e.g., wavelengths below about
360 nm or above about 750 nm). For example, three-dimensional image data
may be collected using infrared, near-infrared, ultraviolet, or near-ultraviolet
light. The three-dimensional image data acquired or captured by the image
sensor 114 can include data collected using laser or ultrasonic based imaging
technology. In some embodiments, a visible, ultraviolet, or infrared
supplemental lighting system (not shown) may be synchronized to and used in
conjunction with the volume dimensioning system 100. For example, a
supplemental lighting system providing one or more structured light patterns or
a supplemental lighting system providing one or more gradient light patterns
may be used to assist in acquiring, capturing, or deriving three-dimensional

image data from the scene within the field-of-view 116 of the image sensor 114.
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In a preferred embodiment, the image sensor 114 includes a
single sensor capable of acquiring both depth data providing a three-
dimensional depth map and intensity data providing an intensity image for
objects within the field-of-view 116 of the image sensor 114. The acquisition of
depth and intensity data using a single image sensor 114 advantageously
eliminates parallax and provides a direct mapping between the depth map and
the intensity image. The depth map and intensity image may be collected in an
alternating sequence by the image sensor 114 and the resultant depth data and
intensity data stored within the one or more non-transitory, machine-readable
storage media 118.

The three-dimensional image data captured or acquired by the
image sensor 114 may be in the form of an analog signal that is converted to
digital data using one or more analog-to-digital (*A/D”) converters (not shown)
within the image sensor 114 or within the volume dimensioning system 110
prior to storage within the one or more non-transitory, machine-readable,
storage media 118. Alternatively, the three-dimensional image data captured or
acquired by the image sensor 114 may be in the form of one or more digital
data groups, structures, or files comprising digital data supplied directly by the
image sensor 114.

The image sensor 114 can be formed from or contain any number
of image capture elements, for example picture elements or “pixels.” For
example, the image sensor 114 can have between 1,000,000 pixels (1 MP) and
100,000,000 pixels (100 MP). The image sensor 114 can include any number
of current or future developed image sensing devices or systems, including, but
not limited to, one or more complementary metal-oxide semiconductor
(“CMOS”) sensors or one or more charge-coupled device (“CCD”) sensors.

In some embodiments, the three-dimensional image data
captured by the image sensor 114 can include more than one type of data
associated with or collected by each image capture element. For example, in
some embodiments, the image sensor 114 may capture depth data related to a

depth map of the three-dimensional objects within the point of view of the image
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sensor 114 and may also capture intensity data related to an intensity image of
the three-dimensional objects in the field-of-view of the image sensor 114.
Where the image sensor 114 captures or otherwise acquires more than one
type of data, the data in the form of data groups, structures, files or the like may
be captured either simultaneously or in an alternating sequence by the image
sensor 114.

In some embodiments, the image sensor 114 may also provide
visible image data capable of providing a visible black and white, grayscale, or
color image of the three-dimensional objects 102 within the field-of-view 116 of
the image sensor 114. Where the image sensor 114 is able to provide visible
image data, the visible image data may be communicated to the host computer
150 for display on the one or more display devices 156. In some instances,
where the image sensor 114 is able to provide visible image data, the host
computer system camera 152 may be considered optional and may be
eliminated.

Data is communicated from the image sensor 114 to the one or
more non-transitory machine readable storage media 118 via one or more
serial or parallel data busses 126. The one or more non-transitory, machine-
readable storage media 118 can be any form of data storage device including,
but not limited to, optical data storage, electrostatic data storage,
electroresistive data storage, magnetic data storage, and molecular data
storage. In some embodiments, all or a portion of the one or more non-
transitory, machine-readable storage media 118 may be disposed within the
one or more processors 120, for example in the form of a cache or similar non-
transitory memory structure capable of storing data or machine-readable
instructions executable by the one or more processors 120.

In at least some embodiments, the volume dimensioning system
110 including the image sensor 114, the communicably coupled one or more
non-transitory, machine-readable storage media 118, and the communicably
coupled one or more processors 120 are functionally combined to provide a

system capable of selecting one or more geometric primitives 104 to virtually
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represent each of the one or more three-dimensional objects 102 appearing in
the field-of-view 116 of the image sensor 114. Using the selected one or more
geometric primitives 104, the system can then fit a three-dimensional packaging
wireframe model 106 about each of the respective three-dimensional objects
102.

The one or more non-transitory, machine-readable storage media
118 can have any data storage capacity from about 1 megabyte (1 MB) to
about 3 terabytes (3 TB). In some embodiments two or more devices or data
structures may form all or a portion of the one or more non-transitory, machine-
readable storage media 118. For example, in some embodiments, the one or
more non-transitory, machine-readable storage media 118 can include an non-
removable portion including a non-transitory, electrostatic, storage medium and
a removable portion such as a Secure Digital (SD) card, a compact flash (CF)
card, a Memory Stick, or a universal serial bus (“USB”) storage device.

The one or more processors 120 can execute one or more
instruction sets that are stored in whole or in part in the one or more non-
transitory, machine-readable storage media 118. The machine executable
instruction set can include instructions related to basic functional aspects of the
one or more processors 120, for example data transmission and storage
protocols, communication protocols, input/output (“I/O”) protocols, USB
protocols, and the like. Machine executable instruction sets related to all or a
portion of the volume dimensioning functionality of the volume dimensioning
system 110 and intended for execution by the one or more processors 120 may
also be stored within the one or more non-transitory, machine-readable storage
media 118, within the one or more processors 120, or within both the one or
more non-transitory, machine-readable storage media 118 and the one or more
processors 120. Additional volume dimensioning system 110 functionality may
also be stored in the form of one or more machine executable instruction sets
within the one or more non-transitory, machine-readable storage media 118.

Such functionality may include system security settings, system configuration
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settings, language preferences, dimension and volume preferences, and the
like.

The one or more non-transitory, machine-readable storage media
118 may also store a library containing a number of geometric primitives useful
in the construction of three-dimensional packaging wireframe models by the
one or more processors 120. As used herein, the term “geometric primitive”
refers to a simple three-dimensional geometric shape such as a cube, cylinder,
sphere, cone, pyramid, torus, prism, and the like that may be used individually
or combined to provide a virtual representation of more complex three-
dimensional geometric shapes or structures. The geometric primitives stored
within the one or more non-transitory, machine-readable storage media 118 are
selected by the one or more processors 120 as basic elements in the
construction of a virtual representation 104 of each of the three-dimensional
objects 102 appearing within the field-of-view 116 of the image sensor 114.
The construction of the virtual representation 104 by the one or more
processors 120 is useful in fitting properly scaled three-dimensional packaging
wireframe models 106 to each of the three-dimensional objects 102 appearing
in the field-of-view 116 of the image sensor 114. A properly scaled three-
dimensional packaging wireframe model 106 permits the accurate
determination of dimensional and volumetric data for each of the three-
dimensional objects 102 appearing in the field-of-view 116 of the image sensor
114. A properly scaled and fitted three-dimensional packaging wireframe
model 106 will fall on the boundaries of the geometric primitive 104 fitted to the
three-dimensional object 102 by the one or more processors 120 as viewed on
the one or more display devices 156 as depicted in Figure 1A.

Data is transferred between the one or more non-transitory,
machine-readable storage media 118 and the one or more processors 120 via
one or more serial or parallel bi-directional data busses 128. The one or more
processors 120 can include any device comprising one or more cores or
independent central processing units that are capable of executing one or more

machine executable instruction sets. The one or more processors 120 can, in
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some embodiments, include a general purpose processor such as a central
processing unit (“CPU”) including, but not limited to, an Intel® Atom® processor,
an Intel® Pentium®, Celeron®, or Core 2% processor, and the like. In other
embodiments the one or more processors 120 can include a system-on-chip
(“SoC”) architecture, including, but not limited to, the Intel® Atom® System on
Chip (“Atom SoC”) and the like. In other embodiments, the one or more
processors 120 can include a dedicated processor such as an application
specific integrated circuit (“ASIC”), a programmable gate array (“PGA” or
‘FPGA”), a digital signal processor (“DSP”), or a reduced instruction set
computer (“RISC”) based processor. Where the volume dimensioning system
110 is a battery-powered portable system, the one or more processors 120 can
include one or more low power consumption processors, for example Intel®
Pentium M®, or Celeron M® mobile system processors or the like, to extend the
system battery life.

Data in the form of three-dimensional image data, three-
dimensional packaging wireframe model data, instructions, input/output
requests and the like may be bi-directionally transferred from the volume
dimensioning system 110 to the host computer 150 via the one or more data
busses 112. Within the host computer 150, the three-dimensional packaging
wireframe model 106 data can, for example, be combined with visual image
data captured or acquired by the camera 152 to provide a display output
including a visual image of one or more three-dimensional objects 102
appearing in both the camera 152 field-of-view 154 and the image sensor 114
field-of-view 116 encompassed by the geometric primitive 104 and the fitted
three-dimensional packaging wireframe models 106 provided by the volume
dimensioning system 110.

Referring now in detail to the host computer system 150, the
camera 152 can acquire or capture visual image data of the scene within the
field-of-view 154 of the camera 152. As a separate device that is discrete from
the image sensor 114, the camera 152 will have a field-of-view 154 than differs

from the image sensor 114 field-of-view 116. In at least some embodiments,
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the one or more CPUs 160, the one or more processors 120, or a combination
of the one or more CPUs 160 and the one or more processors 120 will
calibrate, align, map, or otherwise relate the field-of-view 154 of the camera 152
to the field-of-view 116 of the image sensor 114 thereby linking or spatially
mapping in two-dimensional space or three-dimensional space the visual image
data captured or acquired by the camera 152 to the three-dimensional image
data captured or acquired by the image sensor 114. In a preferred
embodiment, when the volume dimensioning system 110 is initially
communicably coupled to the host computer 150, the one or more processors
120 in the volume dimensioning system 110 are used to calibrate, align, or
spatially map in three-dimensions the field-of-view 116 of the image sensor 114
to the field-of-view 154 of the camera 152 such that three-dimensional objects
102 appearing in the field-of-view 116 of the image sensor 114 are spatially
mapped or correlated in three-dimensions to the same three-dimensional
objects 102 appearing in the field-of-view 154 of the camera 152.

The camera 152 can be formed from or contain any number of
image capture elements, for example picture elements or “pixels.” For
example, the camera 152 may have between 1,000,000 pixels (1 MP) and
100,000,000 pixels (100 MP). In some embodiments, the camera 152 may
capture or acquire more than one type of data, for example the camera 152
may acquire visual image data related to the visual image of the scene within
the field-of-view 154 of the camera 152 as well as infrared image data related to
an infrared image of the scene within the field-of-view 154 of the camera 152.
Where the camera 152 captures or otherwise acquires more than one type of
image data, the data may be collected into one or more data groups, structures,
files, or the like.

In some embodiments, the visual image data captured or acquired
by the camera 152 may originate as an analog signal that is converted to digital
visual image data using one or more internal or external analog-to-digital
(“A/D”) converters (not shown). In other embodiments, the visual image data

acquired by the camera 152 is acquired in the form of digital image data
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provided directly from one or more complementary metal-oxide semiconductor
(“CMOS”) sensors or one or more charge-coupled device (“CCD”) sensors
disposed at least partially within the camera 152. At least a portion of the
visual image data from the camera 152 is stored in the one or more non-
transitory, machine-readable storage media 158 in the form of one or more data
groups, structures, or files.

Image data is transferred between the camera 152 and the one or
more non-transitory, machine-readable storage media 158 via the first bridge
processor 162, the second bridge processor 176 and one or more serial or
parallel data buses 164, 168. The image data provided by the camera 152 can
be stored within the one or more non-transitory, machine-readable storage
media 158 in one or more data groups, structures, or files. The one or more
non-transitory, machine-readable storage media 158 can have any data storage
capacity from about 1 megabyte (1 MB) to about 3 terabytes (3 TB). In some
embodiments two or more devices or data structures may form all or a portion
of the one or more non-transitory, machine-readable storage media 158. For
example, in some embodiments, the one or more non-transitory, machine-
readable storage media 158 can include an non-removable portion including a
non-transitory, electrostatic, storage medium and a removable portion such as
a Secure Digital (SD) card, a compact flash (CF) card, a Memory Stick, or a
universal serial bus (“USB”) storage device.

Data is transferred between the one or more non-transitory,
machine-readable storage media 158 and the one or more CPUs 160 via the
second bridge processor 176 and one or more serial or parallel bi-directional
data busses 168. The one or more CPUs 160 can include any device
comprising one or more cores or independent central processing units that are
capable of executing one or more machine executable instruction sets. The
one or more CPUs 160 can, in some embodiments, include a general purpose
processor including, but not limited to, an Intel® Atom® processor, an Intel®
Pentium®, Celeron®, or Core 2® processor, and the like. In other embodiments

the one or more CPUs 160 can include a system-on-chip (“SoC”) architecture,
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including, but not limited to, the Intel® Atom® System on Chip (“Atom SoC”) and
the like. In other embodiments, the one or more CPUs 160 can include a
dedicated processor such as an application specific integrated circuit (“ASIC”),
a programmable gate array ("PGA” or “FPGA”), a digital signal processor
(“DSP?”), or a reduced instruction set computer (“RISC”) based processor.
Where the host computer 150 is a battery-powered portable system, the one or
more CPUs 160 can include one or more low power consumption processors,
for example Intel® Pentium M®, or Celeron M® mobile system processors or the
like, to extend the system battery life.

Recall, the calibration or alignment process between the camera
152 and the image sensor 114 correlated, aligned, or spatially mapped the
field-of-view 154 of the camera 152 with the field of view 116 of the image
sensor 114 upon initial coupling of the volume dimensioning system 110 to the
host computer 150. The image data captured or acquired by the camera 152
will therefore be spatially mapped, aligned, or correlated with the three-
dimensional image data captured or acquired by the image sensor 114.
Advantageously, the three-dimensional packaging wireframe models 106 fitted
by the one or more processors 120 to the three-dimensional objects 102 in the
field-of-view 116 of the image sensor 114 will align with the image of the three-
dimensional objects 102 when viewed on the one or more display devices 156.
Merging, overlaying, or otherwise combining the three-dimensional packaging
wireframe models 106 provided by the one or more processors 120 with the
image data captured or acquired by the camera 152 creates a display image on
the one or more display devices 156 that contains both an image of the three-
dimensional object 102 and the corresponding three-dimensional packaging
wireframe model 106.

The host computer 150 may have one or more discrete graphical
processing units (GPUs — not shown) or one or more GPUs integrated with the
one or more CPUs 160. The one or more CPUs 160 or one or more GPUs can
generate a display image output to provide a visible image on the one or more

display devices 156. The display image output can be routed through the
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second bridge processors 176 to the one or more display devices 156 in the
host computer system 150. The one or more display devices 156 include at
least an output device capable of providing a visible image perceptible to the
unaided human eye. In at least some embodiments, the one or more display
devices 156 can include one or more input devices, for example a resistive or
capacitive touch-screen. The one or more display devices 156 can include any
current or future, analog or digital, two-dimensional or three-dimensional display
technology, for example cathode ray tube (“CRT”), light emitting diode (“LED”),
liquid crystal display (“LCD”), organic LED (“OLED?”), digital light processing
("DLP”), elnk, and the like. In at least some embodiments, the one or more
display devices 156 may be self-illuminating or provided with a backlight such
as a white LED to facilitate use of the system 100 in low ambient light
environments.

One or more peripheral 1/0O devices 166 may be communicably
coupled to the host computer system 150 to facilitate the receipt of user input
by the host computer 150 via a pointer, a keyboard, a touchpad, or the like. In
at least some embodiments the one or more peripheral /O devices 166 may be
USB devices that are communicably coupled to the USB bus 174. In at |least
some embodiments, the one or more peripheral /O devices 166 or the one or
more display devices 156 may be used by the one or more processors 120 or
one or more CPUs 160 to receive specialized shipping instructions associated
with one or more three-dimensional objects 102 from a user. Such specialized
instructions can include any data provided by the user that is relevant to how a
particular three-dimensional object 102 should be handled, and can include, but
is not limited to, designation of fragile areas, designation of proper shipping
orientation, designation of top-load only or crushable contents, and the like.
Upon receipt of the specialized shipping instructions, the one or more
processors 120 or the one or more CPUs 160 can associate the instructions
with a particular three-dimensional packaging wireframe model 106 which

thereby links the instructions with a particular three-dimensional object 102.
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Figure 2 shows a method 200 of operation of an example
illustrative volume dimensioning system such as the system depicted in Figures
1A and 1B. Data captured or acquired by the image sensor 114 is used by the
one or more processors 120 to select one or more geometric primitives 104, for
example from a library in the one or more non-transitory, machine-readable
storage media 118. The one or more geometric primitives 104 selected by the
one or more processors 120 are used to construct a virtual representation of
the packaging about the one or more three-dimensional objects 102 appearing
in the field-of-view 116 of the image sensor 114. The one or more processors
120 can therefore use the one or more selected geometric primitives 104 to
construct a three-dimensional packaging wireframe model 106 that, when fitted
to the three-dimensional object 102, provides a three-dimensional packaging
wireframe model 106 that is scaled and fitted to encompass or otherwise
contain the three-dimensional object 102.

The one or more processors 120 can use the plurality of features
identified on the three-dimensional object 102 in selecting the one or more
geometric primitives 104 from the library. The three-dimensional packaging
wireframes 106 encompassing each three-dimensional object 102 within the
volume dimensioning system 110 permit a reasonably accurate determination
of the dimensions and volume of each three-dimensional object 102. The user
benefits from accurate dimensional and volumetric information by receiving
accurate shipping rates based on the object’s true size and volume. Carriers
benefit from accurate dimensional and volumetric information by having access
to data needed to optimize the packing of the objects for transport and the
subsequent routing of transportation assets based upon reasonably accurate
load data.

At 202, the image sensor 114 captures or acquires three-
dimensional image data which is communicated to the one or more non-
transitory, machine-readable storage media 118 via one or more data busses
126. The three-dimensional image data captured by the image sensor 114

includes a first three-dimensional object 102 disposed within the field-of-view
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116 of the image sensor 114. The three-dimensional image data captured by
the image sensor 114 may include depth data providing a depth map and
intensity data providing an intensity image of the field-of-view 116 of the image
sensor 114. At least a portion of the three-dimensional image data received by
the one or more non-transitory, machine-readable storage media 118 is
communicated to or otherwise accessed by the one or more processors 120 in
order to select one or more geometric primitives 104 preparatory to fitting a first
three-dimensional packaging wireframe model 106 about all or a portion of the
first three-dimensional object 102.

At 204, based in whole or in part on the three-dimensional image
data received from the image sensor 114, the one or more processors 120
determine a number of features on the first three-dimensional object 102
contained in the three-dimensional image data. The features may include any
point, edge, or other discernible structure on the first three-dimensional object
102 and detectible in the image represented by the three-dimensional image
data. For example, one or more features may correspond to a three-
dimensional point on the three-dimensional object 102 that is detectible in a
depth map containing the first three-dimensional object, an intensity image in
which the three-dimensional object, or both a depth map and an intensity image
in which the first three-dimensional object 102 appears as is represented. The
identified features may include boundaries or defining edges of the first three-
dimensional object, for example corners, arcs, lines, edges, angles, radii, and
similar characteristics that define all or a portion of the external boundary of the
first three-dimensional object 102.

At 206, based at least in part on the features identified in 204 the
one or more processors 120 selects one or more geometric primitives 104 from
the library. The one or more processors 120 use the selected one or more
geometric primitives 104 to roughly represent the packaging encompassing first
three-dimensional object 102 making allowances for any specialized packing
instructions (e.g., fragile surfaces, extra packing, unusual packing shapes, etc.)

that may have been provided by the user. The one or more processors 120 fit
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a three-dimensional packaging wireframe model 106 about all or a portion of
the first three-dimensional object 102 that encompasses substantially all of the
processor identified features defining an external boundary of the first three-
dimensional object 102 and reflecting any specialized packing instructions
provided by the user.

For example, where the first three-dimensional object 102 is a
cube, the one or more processors 120 may identify seven or more features
(e.g., four defining the corners of one face of the cube, two additional defining
the corners of a second face of the cube and one defining the fourth corner of
the top of the cube). The user may have identified one surface of the cube as
requiring “extra packaging.” Based on these indentified features and the user’s
specialized packing instructions, the one or more processors 120 may select a
rectangular prismatic geometric primitive 104 accommodating the cubic three-
dimensional object 102 and the extra packaging requirements identified by the
user and use the selected rectangular prismatic geometric primitive 104 to fit a
first three-dimensional packaging wireframe model 106 that substantially
encompasses the cubic first three-dimensional object 102 and the associated
packaging surrounding the object.

In another example, the first three-dimensional object 102 may be
a cylinder and the one or more processors 120 may identify a number of
features about the face and defining the height of the cylinder. Based on these
identified features, the one or more processors 120 may select a cylindrical
geometric primitive 104 and use the selected geometric primitive to fit a first
three-dimensional packaging wireframe model 106 to the cylindrical first three-
dimensional object 102 that substantially encompasses the object and includes
an allowance for packaging materials about the cylindrical three-dimensional
object 102.

Based at least in part on the identified features, the one or more
processors 120 may search the library for one or more geometric primitives 104
having features, points, or nodes substantially similar to the spatial

arrangement of the identified features, points, or nodes associated with the first
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three-dimensional object 102. In searching the library, the one or more
processors may use one or more appearance-based or feature-based shape
recognition or shape selection methods. For example a “large modelbases”
appearance-based method using eigenfaces may be used to select geometric
primitives 104 appropriate for fitting to the first three-dimensional object 102.

At 208, the one or more processors 120 can generate a video,
image, or display output that includes data providing an image of the first three-
dimensional packaging wireframe model 106 as fitted to the first three-
dimensional object 102. The video, image, or display output data provided by
the one or more processors 120 may be used by the one or more CPUs 160 to
generate one or more video, image, or display outputs on the one or more
display devices 156 that includes one or more images providing the concurrent
or simultaneous depiction of the first three-dimensional object 102 using image
data from the camera 152 and the fitted first three-dimensional packaging
wireframe model 106. In some instances, an image concurrently or
simultaneously depicting the geometric primitive 104 fitted to the first three-
dimensional object 102 along with the first three-dimensional packaging
wireframe model 106 fitted thereto may also be provided on the one or more
display devices 156.

Figure 3 shows a method 300 extending from the method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. For various
reasons, the first three-dimensional packaging wireframe model 106 fitted by
the one or more processors 120 may not properly encompass the first three-
dimensional object 102. For example, where the first three-dimensional object
is a box, one face of the first three-dimensional packaging wireframe model 106
generated by the one or more processors 120 may be situated in too close
proximity to the three-dimensional object 102 to permit the insertion of
adequate padding between the three-dimensional object 102 and the shipping
box. Such incorrectly positioned or sized three-dimensional packaging

wireframe models 106 may result in erroneous shipping rate information or
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erroneous packing information. Therefore, providing a process to correct the
shape, size, or position of all or a portion of the three-dimensional packaging
wireframe model 106 is advantageous to both the user and the carrier.

At 302, the one or more processors 120 receive an input
indicative of a desired change at least a portion of the first three-dimensional
packaging wireframe model 106. The change in position of the first three-
dimensional packaging wireframe model 106 may include a change to a single
point, multiple points, or even a scalar, arc, curve, face, or line linking two or
more points used by the one or more processors 120 to fit the three-
dimensional packaging wireframe model 106. The one or more processors 120
may receive the input via an I/O device 166 such as a mouse or keyboard, or in
a preferred embodiment via a resistive or capacitive touch-based input device
which is part of a touch-screen display device 156 communicably connected to
the host computer system 150. The use of a touch-screen display device 114
advantageously enables a user to visually align all or a portion of the first three-
dimensional packaging wireframe model 106 with all or a corresponding portion
of the image of first three-dimensional object 102 in an intuitive and easy to
visualize manner. In some embodiments, a prior input received by the one or
more processors 120 may be used to place the system 100 in a mode where a
subsequent input indicating the desired change to the three-dimensional
packaging wireframe model 106 will be provided to the one or more processors
120.

At 304, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the modified or
updated first three-dimensional packaging wireframe model 106 as fitted to the
first three-dimensional object 102. The video, image, or display output data
provided by the one or more processors 120 may be used by the one or more
CPUs 160 to generate one or more video, image, or display outputs on the one
or more display devices 156 that includes an image contemporaneously or
simultaneously depicting the first three-dimensional object 102 using image

data from the camera 152 and the first three-dimensional packaging wireframe
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model 106 data as fitted by the one or more processors 120. In some
instances, an image concurrently or simultaneously depicting the first three-
dimensional object 102 along with the one or more scaled and fitted geometric
primitives 104 and the first three-dimensional packaging wireframe model 106
may also be provided on the one or more display devices 156.

Figure 4 shows a method 400 extending from the method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. For various
reasons, the first three-dimensional packaging wireframe model 106 fitted by
the one or more processors 120 may not properly encompass the first three-
dimensional object 102 and in fact, the first three-dimensional packaging
wireframe model 106 as fitted by the one or more processors 120 may require
significant modification or replacement to substantially conform to both the first
three-dimensional object 102 and any associated specialized shipping
requirements provided by the user.

For example, where the first three-dimensional object 102 is a
cylindrical object, a cylindrical geometric primitive 104 may be selected by the
one or more processors 120, resulting in a cylindrical first three-dimensional
packaging wireframe model 106. Perhaps the user has triangular shaped
padding that will be used to pad and center the cylindrical object in the center of
a rectangular shipping container. In response to an input indicative of a desired
change in a position of at least a portion of the first three-dimensional
packaging wireframe model 106, the one or more processors 120 may select a
second geometric primitive 104, for example a rectangular prismatic geometric
primitive, and fit a more appropriate second three-dimensional packaging
wireframe model 106 to replace the previously fitted first three-dimensional
packaging wireframe model 106.

At 402, the one or more processors 120 receive an input
indicative of a desired change to at least a portion of the first three-dimensional
packaging wireframe model 106 fitted to the three-dimensional object 102. The

input may specify one or more of a single point, multiple points, or even a

44



10

15

20

25

30

WO 2013/166368 PCT/US2013/039438

scalar, arc, curve, face, or line linking two or more points used by the one or
more processors 120 to fit the three-dimensional packaging wireframe model
106. The one or more processors 120 may receive the input via an 1/O device
166 such as a mouse or keyboard, or in a preferred embodiment via a resistive
or capacitive touch-based input device which is part of a touch-screen display
device 156 communicably connected to the host computer system 150. The
use of a touch-screen display device 114 advantageously enables a user to
visually align all or a portion of the first three-dimensional packaging wireframe
model 106 with all or a corresponding portion of the image of the first three-
dimensional object 102 in an intuitive and easy to visualize manner. In some
embodiments, a prior input received by the one or more processors 120 may be
used to place the system 100 in a mode where a subsequent input indicating
the desired change to the three-dimensional packaging wireframe model 106
will be provided to the one or more processors 120.

At 404, responsive to the input the one or more processors 120
may select from the library one or more second geometric primitives 104 that
are different from the first geometric primitive 104 and fit the second three-
dimensional packaging wireframe 106 model using the second geometric
primitive 104 to substantially encompass the first three-dimensional object 102.
For example, where the one or more processors 120 detect from the input that
a cylindrical three-dimensional packaging wireframe model 106 is being
changed to a rectangular prismatic three-dimensional packaging wireframe
model 106, the one or more processors 120 may alternatively select a second
geometric primitive 104 corresponding to a rectangular prism from the library to
fit the second three-dimensional packaging wireframe model 106 to the first
three-dimensional object 102.

At 406, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the second three-
dimensional packaging wireframe model 106 as fitted to the first three-
dimensional object 102. The video, image, or display output data provided by

the one or more processors 120 may be used by the one or more CPUs 160 to
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generate one or more video, image, or display outputs on the one or more
display devices 156 that includes an image contemporaneously or
simultaneously depicting the first three-dimensional object 102 using image
data from the camera 152 and the second three-dimensional packaging
wireframe model 106 data as fitted by the one or more processors 120. In
some instances, an image concurrently or simultaneously depicting the first
three-dimensional object 102 along with the one or more scaled and fitted
second geometric primitives 104 and the first three-dimensional packaging
wireframe model 106 may also be provided on the one or more display devices
156.

Figure 5 shows a method 500 extending from the method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. As depicted in
Figure 1A, at times a second three-dimensional object 102 may be present in
the field-of-view 116 of the image sensor 114. For various reasons, the second
three-dimensional object 102 may not be detected by the one or more
processors 120 and consequently a second three-dimensional packaging
wireframe model 106 may not be fitted about the second three-dimensional
object 102 by the one or more processors 120. In such an instance, one or
more second geometric primitives 104 can be selected by the one or more
processors 120 and used to fit a second three-dimensional packaging
wireframe model 106 to the second three-dimensional object 102 based at least
in part upon the receipt of an input by the one or more processors 120
indicating the existence of the second three-dimensional object 102.

At 502, the one or more processors 120 receive an input that
indicates a second three-dimensional object 102 exists within the field-of-view
116 of the image sensor 114. The one or more processors 120 may receive
the input via an I/O device 166 such as a mouse or keyboard, or in a preferred
embodiment via a resistive or capacitive touch-based input device which is part
of a touch-screen display device 156 communicably connected to the host

computer system 150. The use of a touch-screen display device 114
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advantageously enables a user to draw a perimeter around or otherwise clearly
delineate the second three-dimensional object 102. In some embodiments, a
prior input received by the one or more processors 120 may be used to place
the system 100 in a mode where a subsequent input indicating the second
three-dimensional object 102 will be provided to the one or more processors
120. Responsive to the input indicating the existence of a second three-
dimensional object 102 within the field-of-view 116 of the image sensor 114, the
one or more processors 120 may detect additional three-dimensional features
associated with the second three-dimensional object 102.

At 504, based at least in part on the three-dimensional features
identified in 502, the one or more processors 120 may select from the library
one or more second geometric primitives 104 to provide representation of the
packaging encompassing the second three-dimensional object 102. The one or
more processors 120 fit a second three-dimensional packaging wireframe
model 106 about the second three-dimensional object 102 that is responsive to
any specialized instructions received from the user and encompasses
substantially all the three-dimensional features of the second three-dimensional
object 102 identified by the one or more processors 120 at 502.

At 506, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the second three-
dimensional packaging wireframe model 106 as fitted to the virtual
representation of the second three-dimensional object 104. The video, image,
or display output data provided by the one or more processors 120 may be
used by the one or more CPUs 160 to generate one or more video, image, or
display outputs to the one or more display devices 156 that includes image data
depicting an image of the second three-dimensional object 102 using image
data from the camera 152 along with the fitted second three-dimensional
packaging wireframe model 106 provided by the one or more processors 120.
In some instances, an image concurrently or simultaneously depicting the
second three-dimensional object 102 along with the one or more scaled and

fitted second geometric primitives 104 and the second three-dimensional
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packaging wireframe model 106 may also be provided on the one or more
display devices 156.

At 508, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the first three-
dimensional packaging wireframe model 106 as fitted to the first three-
dimensional object 102. The video, image, or display output data provided by
the one or more processors 120 may be used by the one or more CPUs 160 to
generate one or more video, image, or display outputs on the one or more
display devices 156 that includes an image contemporaneously or
simultaneously depicting images of the first and second three-dimensional
objects 102 using image data from the camera 152 along with the respective
first and second three-dimensional packaging wireframe models 106 fitted by
the one or more processors 120. In some instances, an image concurrently or
simultaneously depicting the first and second three-dimensional objects 102
along with the one or more scaled and fitted first and second geometric
primitives 104 and the first and second three-dimensional packaging wireframe
models 106 may also be provided on the one or more display devices 156.

Figure 6 shows a method 600 extending from method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. In some
situations, the first three-dimensional object 102 may have a complex or non-
uniform shape that, when virtually represented as a plurality of geometric
primitives 104, is best fitted using a corresponding plurality of three-dimensional
packaging wireframe models 106. For instance, one three-dimensional
packaging wireframe model 106 may be fitted to a first portion of a three-
dimensional object 102 and another three-dimensional packaging wireframe
model 106 may be fitted to a second portion of the three-dimensional object
102.

For example, rather than fitting a single three-dimensional
packaging wireframe model 106 about a guitar-shaped three-dimensional

object 102, a more accurate three-dimensional packaging wireframe model 106
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may incorporate a plurality wireframe models 106, such as a first three-
dimensional packaging wireframe model 106 fitted to the body portion of the
guitar-shaped object and a second three-dimensional packaging wireframe
model 106 fitted to the neck portion of the guitar-shaped object may provide a
more accurate three-dimensional packaging wireframe model 106 for the entire
guitar-shaped object. Fitting of multiple three-dimensional packaging wireframe
models 106 may be performed automatically by the one or more processors
120, or performed responsive to the receipt of a user input indicating that a
plurality of three-dimensional packaging wireframe models should be used.
Providing a user with the ability to designate the use of three-dimensional
packaging wireframe models 106 about different portions of a single three-
dimensional object 102 may provide the user with a more accurate freight rate
estimate based upon the actual configuration of the object and may provide the
carrier with a more accurate shipping volume.

At 602, the one or more processors 120 receive an input that
identifies a portion of the first three-dimensional object 102 that may be
represented using a separate three-dimensional packaging wireframe model
106. Using the example of a guitar, the user may provide an input that when
received by the one or more processors 120, indicates the neck of the guitar is
best fitted using separate three-dimensional packaging wireframe model 106.
The one or more processors 120 may receive the input via an I/O device 166
such as a mouse or keyboard, or in a preferred embodiment via a resistive or
capacitive touch-based input device which is part of a touch-screen display
device 156 communicably connected to the host computer system 150. The
use of a touch-screen display device 114 advantageously enables a user to
draw a perimeter or otherwise clearly delineate the portion of the first three-
dimensional object 102 for which one or more separate geometric primitives
104 may be selected and about which a three-dimensional packaging
wireframe model 106 may be fitted by the one or more processors 120. In
some embodiments, a prior input received by the one or more processors 120

may be used to place the system 100 in a mode where a subsequent input
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indicating the portion of the first three-dimensional object 102 suitable for
representation by a separate three-dimensional packaging wireframe model
106 will be provided as an input to the one or more processors 120.

At 604, responsive at least in part to the input indicating the
portion of the first three-dimensional object 102 suitable for representation as a
separate three-dimensional packaging wireframe model 106, the one or more
processors 120 can select one or more geometric primitives 104 encompassing
the first portion of the first three-dimensional object 102. Based on the one or
more selected geometric primitives 104, the one or more processors 120 fit a
three-dimensional packaging wireframe model 106 about the first portion of the
three-dimensional object 102. Continuing with the illustrative example of a
guitar — the one or more processors 120 may receive an input indicating the
user’s desire to represent the neck portion of the guitar as a first three-
dimensional packaging wireframe model 106. Responsive to the receipt of the
input selecting the neck portion of the guitar, the one or more processors 120
select one or more appropriate geometric primitives 104, for example a
cylindrical geometric primitive, and fit a cylindrical three-dimensional packaging
wireframe model 106 that encompasses the first portion of the first three-
dimensional object 102 (i.e., the neck portion of the guitar).

At 606, the one or more processors 120 select one or more
geometric primitives 104 encompassing the second portion of the first three-
dimensional object 102. Based on the one or more selected geometric
primitives 104, the one or more processors 120 fit a three-dimensional
packaging wireframe model 106 about the second portion of the first three-
dimensional object 102. The separate three-dimensional packaging wireframe
model 106 fitted to the second portion may be the same as, different from, or a
modified version of the three-dimensional packaging wireframe model 106 fitted
to the first portion of the three-dimensional object 102.

Continuing with the illustrative example of a guitar the single,
three-dimensional packaging wireframe model 106 originally fitted by the one or

more processors 120 to the entire guitar may have been in the form of a
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rectangular three-dimensional packaging wireframe model 106 encompassing
both the body portion and the neck portion of the guitar. After fitting the
cylindrical three-dimensional packaging wireframe model 106 about the first
portion of the first three-dimensional object 102 (i.e., the neck of the guitar), the
one or more processors 120 may reduce the size of the originally fitted,
rectangular, three-dimensional packaging wireframe model 106 to a rectangular
three-dimensional packaging wireframe model 106 fitted about the second
portion of the first three-dimensional object 104 (i.e., the body of the guitar).

At 608, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the three-dimensional
packaging wireframe models 106 fitted to the first and second portions of the
first three-dimensional object 102. The video, image, or display output data
provided by the one or more processors 120 may be used by the one or more
CPUs 160 to generate one or more video, image, or display outputs on the one
or more display devices 156 including an image concurrently or simultaneously
depicting the first and second portions of the first three-dimensional object 102
using image data from the camera 152 and the respective three-dimensional
packaging wireframe models 106 fitted to each of the first and second portions
by the one or more processors 120. In some instances, an image concurrently
or simultaneously depicting the first and second portions of the first three-
dimensional object 102 along with their respective one or more scaled and fitted
geometric primitives 104 and their respective three-dimensional packaging
wireframe models 106 may also be provided on the one or more display
devices 156.

Figure 7 shows a method 700 extending from method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. In some
situations, one or more features present on the first three-dimensional object
102 may not be visible from the point of view of the image sensor 114. For
example, a protruding feature may lie on a portion of the three-dimensional

object 102 facing away from the image sensor 114 such that substantially all of
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the feature is hidden from the image sensor 114. In such instances, a failure to
incorporate the hidden feature may result in erroneous or inaccurate rate
information being provided to a user or erroneous or inaccurate packing
dimensions or volumes being provided to the carrier.

In such instances, obtaining image data from a second point of
view that includes the previously hidden or obscured feature will permit the one
or more processors 120 to select one or more geometric primitives 104 fitting
the entire three-dimensional object 102 including the features hidden in the first
point of view. By encompassing all or the features within the one or more
geometric primitives 104, the one or more processors 120 are able to fit the first
three-dimensional packaging wireframe model 106 about the entire first three-
dimensional object 102 or alternatively, to add a second three-dimensional
packaging wireframe model 106 incorporating the portion of the first three-
dimensional object 102 that was hidden in the first point of view of the image
sensor 114.

At 702, after fitting the first three-dimensional packaging
wireframe model 106 to the first three-dimensional object 102, the one or more
processors 120 rotate the fitted three-dimensional packaging wireframe model
106 about an axis to expose gaps in the model or to make apparent any
features absent from the model but present on the first three-dimensional object
102. In some situations, the volume dimensioning system 110 may provide a
video, image, or display data output to the host computer 150 providing a
sequence or views of the fitted first three-dimensional packaging wireframe
model 106 such that the first three-dimensional packaging wireframe model 106
appears to rotate about one or more axes when viewed on the one or more
display devices 156.

Responsive to the rotation of the first three-dimensional
packaging wireframe model 106 on the one or more display devices 156, the
system 100 can generate an output, for example a prompt displayed on the one

or more display devices 156, requesting a user to provide an input confirming
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the accuracy of or noting any deficiencies present in the first three-dimensional
packaging wireframe model 106.

At 704, additional image data in the form of a second point of view
of the first three-dimensional object 102 that exposes the previously hidden or
obscured feature on the first three-dimensional object 102 may be provided to
the one or more processors 120. Image data may be acquired or captured from
a second point of view in a variety of ways. For example, in some instances,
the image sensor 114 may be automatically or manually displaced about the
first three-dimensional object 102 to provide a second point of view that
includes the previously hidden feature. Alternatively or additionally, a second
image sensor (not shown in Figures 1A, 1B) disposed remote from the system
100 may provide a second point of view of the first three-dimensional object
102. Alternatively or additionally, the system 100 may generate an output, for
example an output visible on the one or more display devices 156 providing
guidance or directions to the user to physically rotate the first three-dimensional
object 102 to provide a second point of view to the image sensor 114.
Alternatively or additionally, the system 100 may generate a signal output, for
example a signal output from the host computer 150 that contains instructions
to automatically rotate a turntable upon which the first three-dimensional object
102 has been placed to provide a second point of view of the first three-
dimensional object 102 to the image sensor 114.

At 706, responsive to the receipt of image data from the image
sensor as viewed from the second point of view of the first three-dimensional
object 102, the one or more processors 120 can detect a portion of the first
three-dimensional object 102 that was hidden in the first point of view. Such
detection can be accomplished, for example by tracking the feature points on
the first three-dimensional object 102 visible in the first point of view as the first
point of view is transitioned to the second point of view. ldentifying new feature
points appearing in the second point of view that were absent from the first

point of view provide an indication to the one or more processors 120 of the
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existence of a previously hidden or obscured portion or feature of the first three-
dimensional object 102.

At 708, responsive to the detection of the previously hidden or
obscured portion or feature of the first three-dimensional object 102, the one or
more processors 120 can modify one or more originally selected geometric
primitives 140 (e.g., by stretching the geometric primitive 104) to incorporate
the previously hidden or obscured feature, or alternatively can select one or
more second geometric primitives 104 that when combined with the one or
more previously selected geometric primitives 104 encompasses the previously
hidden or obscured feature on the first three-dimensional object 102.

In some instances, the one or more processors 120 may modify
the one or more originally selected geometric primitives 104 to encompass the
feature hidden or obscured in the first point of view, but visible in the second
point of view. The three-dimensional packaging wireframe model 106 can then
be scaled and fitted to the modified originally selected geometric primitive 104
to encompass the feature present on the first three-dimensional object 102. For
example, a first three-dimensional packaging wireframe model 106 may be
fitted to a rectangular prismatic three-dimensional object 102, and a hidden
feature in the form of a smaller rectangular prismatic solid may be located on
the rear face of the rectangular prismatic three-dimensional object 102. The
one or more processors 120 may in such a situation, modify the originally
selected geometric primitive 104 to encompass the smaller rectangular
prismatic solid. The one or more processors 120 can then scale and fit the first
three-dimensional packaging wireframe model 106 to encompass the entire first
three-dimensional object 102 by simply modifying, by stretching, the originally
fitted rectangular three-dimensional packaging wireframe model 106.

In other instances, the one or more processors 120 may
alternatively select one or more second geometric primitives 104 to encompass
the smaller rectangular solid feature and fit a second three-dimensional
packaging wireframe model 106 to the second geometric primitive 104. For

example, when the three-dimensional object 102 is a guitar-shaped object, the
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first point of view, may expose only the body portion of the guitar-shaped object
to the image sensor 114 while the neck portion remains substantially hidden
from the first point of view of the image sensor 114. Upon receiving image data
from the second point of view, the one or more processors 120 can detect an
additional feature that includes the neck portion of the guitar-shaped object. In
response, the one or more processors 120 may select a second geometric
primitive 104 and use the selected second geometric primitive 104 to fit a
second three-dimensional packaging wireframe model 106 about the neck
portion of the guitar-shaped object.

At 710, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the one or more three-
dimensional packaging wireframe models 106 fitted to the first three-
dimensional object 102, including features visible from the first and second
points of view of the image sensor 114. The video, image, or display output
data provided by the one or more processors 120 may be used by the one or
more CPUs 160 to generate one or more video, image, or display outputs on
the one or more display devices 156 that includes an image concurrently or
simultaneously displaying the first three-dimensional object 102 using image
data from the camera 152 and the one or more three-dimensional packaging
wireframe models 106 fitted to respective portions of the first three-dimensional
object 102 by the one or more processors 120. In some instances, an image
concurrently or simultaneously depicting the first and second portions of the first
three-dimensional object 102 along with one or more geometric primitives 104
and the scaled and fitted three-dimensional packaging wireframe model 106
may also be provided on the one or more display devices 156.

Figure 8 shows a method 800 extending from method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. The field-of-
view 116 of the image sensor 114 may contain a multitude of potential first
three-dimensional objects 102, yet the only three-dimensional objects of

interest to a user may have a particular size or shape. For example, the field-
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of-view 116 of the image sensor 114 may be filled with a three bowling balls
and a single box which represents the desired first three-dimensional object
102. In such an instance, the one or more processors 120 may select four
geometric primitives 104 — three associated with the bowling balls and one
associated with the box and fit three-dimensional packaging wireframe models
106 to each of the three bowling balls and the single box. Rather than
laboriously deleting the three spherical wireframes fitted to the bowling balls, in
some embodiments, the one or more processors 120 may receive an input
designating a particular geometric primitive shape as indicating the desired first
three-dimensional object 102 within the field-of-view 116 of the image sensor
114.

In the previous example, the one or more processors 120 may
receive an input indicating a rectangular prismatic geometric primitive as
designating the particular shape of the desired first three-dimensional object.
This allows the one or more processors 120 to automatically eliminate the three
bowling balls within the field-of-view of the image sensor 114 as potential first
three-dimensional objects 102. Such an input, when received by the one or
more processors 120 effectively provides a screen or filter for the one or more
processors 120 eliminating those three-dimensional objects 102 having
geometric primitives not matching the indicated desired geometric primitive
received by the one or more processors 120.

At 802, the one or more processors 120 receive an input
indicative of a desired geometric primitive 104 useful in selecting, screening,
determining or otherwise distinguishing the first three-dimensional object 102
from other objects that are present in the field-of-view 116 of the image sensor
114. The one or more processors 120 may receive the input via an I/O device
166 such as a mouse or keyboard, or in a preferred embodiment via a resistive
or capacitive touch-based input device which is part of a touch-screen display
device 156 communicably connected to the host computer system 150. In

some instances, text or graphical icons indicating various geometric primitive
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shapes may be provided in the form of a list, menu, or selection window to the
user.

At 804, responsive to the receipt of the selected geometric
primitive 104, the one or more processors 120 search through the three-
dimensional objects 102 appearing in the field-of-view 116 of the image sensor
114 to locate only those first three-dimensional objects 102 having a shape that
is substantially similar to or matches the user selected geometric primitive 104.

Figure 9 shows a method 900 extending from method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. After fitting the
first three-dimensional packaging wireframe model 106 to the first three-
dimensional object 102, the one or more processors 120 can determine the
packaging dimensions and the volume of the first three-dimensional object 102
responsive to receipt of an input indicative of user acceptance of the fitted first
three-dimensional packaging wireframe model 106. The calculated packing
dimensions are based on dimensional and volumetric information acquired from
the fitted first three-dimensional packaging wireframe model 106 and reflect not
only the dimensions of the three-dimensional object 102 itself, but also include
any additional packaging, boxing, crating, etc., necessary to safely and securely
ship the first three-dimensional object 102.

At 902, the one or more processors 120 receive an input
indicative of user acceptance of the first three-dimensional packaging wireframe
model 106 fitted to the first three-dimensional object 102 by the one or more
processors 120. The one or more processors 120 can generate a video,
image, or display data output that includes image data of the three-dimensional
packaging wireframe model 106 after scaling and fitting to the first three-
dimensional object 102, and after any modifications necessary to accommodate
any specialized shipping instructions provided by the user.

The video, image, or display output data provided by the one or
more processors 120 may be used by the one or more CPUs 160 to generate

one or more video, image, or display outputs on the one or more display
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devices 156 including image data depicting a simultaneous or concurrent image
of the first three-dimensional object 102 using image data from the camera 152
and the three-dimensional packaging wireframe model 106 fitted to the first
three-dimensional object 102 by the one or more processors 120. In some
instances, an image concurrently or simultaneously depicting the first three-
dimensional object 102 along with one or more scaled and fitted geometric
primitives 104 and the scaled and fitted three-dimensional packaging wireframe
model 106 may also be provided on the one or more display devices 156.

Responsive to the display of at least the first three-dimensional
object 102 and the first three-dimensional packaging wireframe model 106, the
system 100 may generate a signal output, for example a signal output from the
host computer 150 containing a query requesting the user provide an input
indicative of an acceptance of the fitting of the first three-dimensional packaging
wireframe model 106 to the first three-dimensional object 102.

At 904, responsive to user acceptance of the fitting of the first
three-dimensional packaging wireframe model 106 to the first three-dimensional
object 102, the one or more processors 120 determine the dimensions and
calculate the volume of the first three-dimensional object 102 based at least in
part on the three-dimensional packaging wireframe model 106. Any of a large
variety of techniques or algorithms for determining a volume of a bounded
three-dimensional surface may be employed by the system 100 to determine
the dimensions or volume of the first three-dimensional object 102.

Figure 10 shows a method 1000 extending from method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. In some
instances, the one or more processors 120 may select one or more inapplicable
geometric primitives 104 or improperly fit a first three-dimensional packaging
wireframe model 106 about the first three-dimensional object 102. In such an
instance, rather than modify the first three-dimensional packaging wireframe
model 106, a more expeditious solution may be to delete the first three-

dimensional packaging wireframe model 106 fitted by the one or more
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processors 120 in its entirety and request the one or more processors 120 to
select one or more different geometric primitives 104 and fit a second three-
dimensional packaging wireframe model 106 about the first three-dimensional
object 102.

At 1002, the one or more processors 120 receive an input
indicative of a rejection of the first three-dimensional packaging wireframe
model 106 fitted by the one or more processors 120 about the first three-
dimensional object 102. The one or more processors 120 may receive the
input via an I/O device 166 such as a mouse or keyboard, or in a preferred
embodiment via a resistive or capacitive touch-based input device which is part
of a touch-screen display device 156 communicably connected to the host
computer system 150.

At 1004, responsive to the receipt of the rejection of the first three-
dimensional packaging wireframe model 106 fitted about the first three-
dimensional object 102, the one or more processors 120 select one or more
second geometric primitives 104 and, based on the one or more second
selected geometric primitives 104, fit a second three-dimensional packaging
wireframe model 106 about the first three-dimensional object 102.

At 1006, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the second three-
dimensional packaging wireframe model 106 fitted to the first three-dimensional
object 102. The video, image, or display output data provided by the one or
more processors 120 may be used by the one or more CPUs 160 to generate
one or more video, image, or display outputs on the one or more display
devices 156 that includes an image contemporaneously or simultaneously
depicting the first three-dimensional object 102 using image data from the
camera 152 and the second three-dimensional packaging wireframe model 106
fitted by the one or more processors 120. In some instances, an image
concurrently or simultaneously depicting an image of the first three-dimensional

object 102 along with the one or more second geometric primitives 104 and the
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scaled and fitted three-dimensional packaging wireframe model 106 may also
be provided on the one or more display devices 156.

Figure 11 shows a method 1100 extending from method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. In some
instances, the one or more processors 120 may receive as an input a value
indicating a selection of a second three-dimensional packaging wireframe
model 106 for fitting about the virtual representation of the first three-
dimensional object 104. The one or more processors 120 can fit the second
three-dimensional packaging wireframe model about the first three-dimensional
object 102. Such an input can be useful in expediting the fitting process when
the appropriate geometric primitive or second three-dimensional packaging
wireframe model is known in advance.

At 1102, the one or more processors 120 receive an input
indicative of a selection of a second geometric primitive 104 as representative
of the first three-dimensional object 102 or a second three-dimensional
packaging wireframe model 106 for fitting about the first three-dimensional
object 102. In some instances, the one or more processors 120 receive an
input indicative of one or more second geometric primitives 104 that are
different from the one or more first geometric primitives 104 used by the one or
more processors 120 to fit the first three-dimensional packaging wireframe
model 106. The one or more processors 120 may receive the input via an 1/O
device 166 such as a mouse or keyboard, or in a preferred embodiment via a
resistive or capacitive touch-based input device which is part of a touch-screen
display device 156 communicably connected to the host computer system 150.
In at least some instances, the input is provided by selecting a text or graphic
icon corresponding to the second geometric primitive 104 or an icon
corresponding to the second three-dimensional packaging wireframe model 106
from a list, menu or selection window containing a plurality of such icons.

At 1104, responsive to the selection of the second geometric

primitive 104 or the second three-dimensional packaging wireframe model, the
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one or more processors 120 can fit the second three-dimensional packaging
wireframe model 106 to the first three-dimensional object 102.

At 1106, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the second three-
dimensional packaging wireframe model 106 fitted to the first three-dimensional
object 102. The video, image, or display output data provided by the one or
more processors 120 may be used by the one or more CPUs 160 to generate
one or more video, image, or display outputs on the one or more display
devices 156 that includes an image concurrently or simultaneously depicting
the first three-dimensional object 102 using image data from the camera 152
and the second three-dimensional packaging wireframe model 106 fitted by the
one or more processors 120. In some instances, an image concurrently or
simultaneously depicting an image of the first three-dimensional object 102
along with the one or more geometric primitives 104 and the scaled and fitted
three-dimensional packaging wireframe model 106 may also be provided on the
one or more display devices 156.

Figure 12 shows a method 1200 extending from method 200 and
describing one or more additional features of an example volume dimensioning
system 100, such as the system depicted in Figures 1A and 1B. In some
instances, all or a portion of the first three-dimensional object 102 may be too
small to easily view within the confines of the one or more display devices 156.
The one or more processors 120 may receive an input indicative of a region of
interest containing all or a portion of the first three-dimensional object 102. In
response to the input, the one or more processors 120 may ascertain whether
the first three-dimensional packaging wireframe model 106 included within the
indicated region of interest has been properly fitted about the first three-
dimensional object 102. Such an input can be useful in increasing the accuracy
of the three-dimensional packaging wireframe model 106 fitting process,
particularly when all or a portion of the first three-dimensional object 102 is
small in size and all or a portion of the fitted first three-dimensional packaging

wireframe 106 model is difficult to discern.
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At 1202, the one or more processors 120 receive an input
indicative of a region of interest lying in the field-of-view 116 of the image
sensor 114. The one or more processors 120 may receive the input via an /O
device 166 such as a mouse or keyboard, or in a preferred embodiment via a
resistive or capacitive touch-based input device which is part of a touch-screen
display device 156 communicably connected to the host computer system 150.

At 1204, responsive to the receipt of the input indicative of a
region of interest in the field-of-view 116 of the image sensor 114, the one or
more CPUs 160 enlarge the indicated region of interest and output a video,
image, or display data output including the enlarged region of interest to the
one or more display devices 156 on the host computer system 150. In some
situations, the one or more processors 120 may provide the video, image, or
display data output including the enlarged region of interest to the one or more
display devices 156 on the host computer system 150.

At 1206, the one or more processors 120 automatically select a
geometric primitive 104 based upon the features of the first three-dimensional
object 102 included in the enlarged region of interest for use in fitting the first
three-dimensional packaging wireframe model 106 about all or a portion of the
first three-dimensional object 102. Alternatively, the one or more processors
120 may receive an input indicative of a geometric primitive 104 to fit the first
three-dimensional packaging wireframe model 106 about all or a portion of the
first three-dimensional object 102 depicted in the enlarged region of interest.
The one or more processors 120 may receive the input via an I/O device 166
such as a mouse or keyboard, or in a preferred embodiment via a resistive or
capacitive touch-based input device which is part of a touch-screen display
device 156 communicably connected to the host computer system 150. In at
least some instances, the input is provided to the one or more processors 120
by selecting a text or graphic icon corresponding to the geometric primitive from
a menu, list or selection window containing a plurality of such icons.

Figure 13 shows a method 1300 depicting the operation of an

example volume dimensioning system 100, such as the system depicted in
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Figure 1. In some embodiments, the first three-dimensional object 102 may
have a complex or non-uniform shape that is best represented using two or
more geometric primitives 104. In such instances, a first geometric primitive
104 may be used by the one or more processors 120 to fit a first three-
dimensional packaging wireframe model 106 about a first portion of the first
three-dimensional object 102. Similarly, a second geometric primitive 104 may
be used by the one or more processors 120 to fit a second three-dimensional
packaging wireframe model 106 about a second portion of the first three-
dimensional object 102. In at least some embodiments, the first and second
geometric primitives 104 may be autonomously selected by the one or more
processors 120. Permitting the one or more processors 120 to select two or
more geometric primitives 104 and fit a corresponding number of three-
dimensional packaging wireframe models 106 about a corresponding number of
portions of the three-dimensional object 102 may provide the user with a more
accurate estimate of the dimensions or volume of the packaging encompassing
the first three-dimensional object 102.

At 1302, the image sensor 114 captures or acquires three-
dimensional image data which is communicated to the one or more non-
transitory, machine-readable storage media 118 via one or more data busses
126. The three-dimensional image data captured by the image sensor 114
includes a first three-dimensional object 102 disposed within the field-of-view
116 of the image sensor 114. The three-dimensional image data captured by
the image sensor 114 may include depth data providing a depth map and
intensity data providing an intensity image of the field-of-view 116 of the image
sensor 114. At least a portion of the three-dimensional image data received by
the one or more non-transitory, machine-readable storage media 118 is
communicated to or otherwise accessed by the one or more processors 120 in
order to select one or more geometric primitives 104 preparatory to fitting a
three-dimensional packaging wireframe model 106 about all or a portion of the

first three-dimensional object 104.
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At 1304, based in whole or in part on the three-dimensional image
data received from the image sensor 114, the one or more processors 120
determine a number of features on the first three-dimensional object 102 that
appear in the three-dimensional image data. The features may include any
point, edge, or other discernible structure on the first three-dimensional object
102 and detectible in the image represented by the three-dimensional image
data. For example, one or more features may correspond to a three-
dimensional point on the three-dimensional object 102 that is detectible in a
depth map containing the first three-dimensional object, an intensity image in
which the three-dimensional object, or both a depth map and an intensity image
in which the first three-dimensional object 102 appears as is represented. The
identified features may include boundaries or defining edges of the first three-
dimensional object, for example corners, arcs, lines, edges, angles, radii, and
similar characteristics that define all or a portion of the external boundary of the
first three-dimensional object 102.

At 1306, based at least in part on the features identified in 1304,
the one or more processors 120 select one or more geometric primitives 104
having the same or differing shapes to encompass substantially all of the
identified features of the first three-dimensional object 102. Dependent upon
the overall number, arrangement, and complexity of the one or more selected
geometric primitives 104, the one or more processors 120 may autonomously
determine that a plurality of three-dimensional packaging wireframe models 106
are useful in fitting an overall three-dimensional packaging wireframe model
106 to the relatively complex three-dimensional object 102. The one or more
processors 120 may determine that a first three-dimensional packaging
wireframe model 106 can be fitted to a first portion of the first three-dimensional
object 102 and a second three-dimensional packaging wireframe model 106
can be fitted to a second portion of the first three-dimensional object 102.

At 1308, the one or more processors 120 scale and fit the first
three-dimensional packaging wireframe model 106 to the one or more

geometric primitives 104 encompassing the first portion of the first three-
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dimensional object 102. The scaled and fitted first three-dimensional packaging
wireframe model 106 encompasses substantially all the first portion of the first
three-dimensional object 102.

At 1310 the one or more processors 120 fit the second three-
dimensional packaging wireframe model 106 to the one or more geometric
primitives 104 encompassing the second portion of the first three-dimensional
object 102. The scaled and fitted second three-dimensional packaging
wireframe model 106 encompasses substantially all the second portion of the
first three-dimensional object 102.

At 1312, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the first and second
three-dimensional packaging wireframe models 106 as fitted to the first and
second portions of the first three-dimensional object 102, respectively. The
video, image, or display output data provided by the one or more processors
120 may be used by the one or more CPUs 160 to generate one or more video,
image, or display outputs viewable on the one or more display devices 156 that
includes an image simultaneously or contemporaneously depicting the first and
second portions of the first three-dimensional object 102 using image data from
the camera 152 and the respective first and second three-dimensional
packaging wireframe models 106 fitted to each of the first and second portions
by the one or more processors 120. In some instances, an image concurrently
or simultaneously depicting an image of the first and second portions of the first
three-dimensional object 102 along with the one or more respective first and
second geometric primitives 104 and the respective scaled and fitted first and
second three-dimensional packaging wireframe models 106 may also be
provided on the one or more display devices 156.

Figure 14 shows a method 1400 depicting the operation of an
example volume dimensioning system 100, such as the system depicted in
Figure 1. In some embodiments, the initial or first point of view of the image
sensor 114 may not provide sufficient feature data to the one or more

processors 120 to determine the extent, scope or boundary of the first three-
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dimensional object 102. For example, if the first three-dimensional object 102
is a cubic box and only the two-dimensional front surface of the cubic box is
visible to the image sensor 114, the image data provided by the image sensor
114 to the one or more processors 120 is insufficient to determine the depth
(i.e., the extent) of the cubic box, and therefore the one or more processors 120
do not have sufficient data regarding the features of the three-dimensional
object 102 to select one or more geometric primitives 104 as representative of
the first three-dimensional object 102. In such instances, it is necessary to
provide the one or more processors 120 with additional data gathered from at
least a second point of view to enable selection of one or more appropriate
geometric primitives 104 for fitting a first three-dimensional packaging
wireframe model 106 that encompasses the first three-dimensional object 102.

At 1402, the image sensor 114 captures or acquires three-
dimensional image data which is communicated to the one or more non-
transitory, machine-readable storage media 118 via one or more data busses
126. The three-dimensional image data captured by the image sensor 114
includes a first three-dimensional object 102 disposed within the field-of-view
116 of the image sensor 114. The three-dimensional image data captured by
the image sensor 114 may include depth data providing a depth map and
intensity data providing an intensity image of the field-of-view of the image
sensor 114. At least a portion of the three-dimensional image data received by
the one or more non-transitory, machine-readable storage media 118 is
communicated to or otherwise accessed by the one or more processors 120 in
order to select one or more geometric primitives 104 to fit a three-dimensional
packaging wireframe model 106 that encompasses the first three-dimensional
object 102.

At 1404, based on the image data received from the image sensor
114, the one or more processors 120 determine that an insufficient number of
features on the first three-dimensional object 102 are present within the first

point of view of the image sensor 114 to permit the selection of one or more
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geometric primitives 104 to fit the first three-dimensional packaging wireframe
model 106.

At 1406, responsive to the determination that an insufficient
number of features are present within the first point of view of the image sensor
114, the one or more processors 120 generates an output indicative of the lack
of an adequate number of features within the first point of view of the image
sensor 114. In some instances, the output provided by the one or more
processors 120 can indicate a possible second point of view able to provide a
view of a sufficient number of additional features on the first three-dimensional
object 102 to permit the selection of one or more appropriate geometric
primitives representative of the first three-dimensional object 102.

In some situations, the output generated by the one or more
processors 120 may cause a second image sensor positioned remote from the
image sensor 114 to transmit image data from a second point of view to the one
or more non-transitory, machine-readable storage media 118. In some
instances the second image sensor can transmit depth data related to a depth
map of first three-dimensional object 102 from the second point of view or
intensity data related to an intensity image of the first three-dimensional object
102 from the second point of view. The image data provided by the second
image sensor is used by the one or more processors 120 in identifying
additional features on the first three-dimensional object 102 that are helpful in
selecting one or more appropriate geometric primitives representative of the
first three-dimensional object 102.

In some situations, the output generated by the one or more
processors 120 may include audio, visual, or audio/visual indicator data used
by the host computer 150 to generate an audio output via one or more |/O
devices 166 or to generate a visual output on the one or more display devices
156 that designate a direction of movement of the image sensor 114 or a
direction of movement of the first three-dimensional object 102 that will permit
the image sensor 114 to obtain a second point of view of the first three-

dimensional object 102. The image data provided by the image sensor 114
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from the second point of view is used by the one or more processors 120 in
identifying additional features on the first three-dimensional object 102 that are
helpful in selecting one or more appropriate geometric primitives representative
of the first three-dimensional object 102.

Figure 15 depicts an illustrative volume dimensioning system 110
communicably coupled to a host computer 150 via one or more busses 112.
The volume dimensioning system 110 is equipped with an image sensor 114
having a field-of-view 116. The host computer 150 is equipped with a camera
152 having a field-of-view 154 and a display device 156.

An interior space of a partially or completely empty container or
trailer 1503 is depicted as forming a three-dimensional void 1502 falling within
the field-of-view 116 of the image sensor 114 and the field-of-view 154 of the
camera 152. An image of the three-dimensional void is depicted as an image
on the one or more display devices 156. The one or more processors 120 can
select one or more geometric primitives 1504 corresponding to the first three-
dimensional void 1502 preparatory to scaling and fitting a three-dimensional
receiving wireframe 1506 within the first three-dimensional void 1502. The
scaled and fitted three-dimensional receiving wireframe model 1506 is depicted
within the three-dimensional void 1502. In some embodiments, the scaled and
fitted three-dimensional receiving wireframe model 1506 may be shown in a
contrasting or bright color on the one or more display devices 156.

The scaled, fitted three-dimensional receiving wireframe model
1506 may be generated by the host computer 150 or, more preferably may be
generated by the volume dimensioning system 110. The image on the display
device 156 is a provided in part using the image data acquired by the camera
152 coupled to the host computer system 150 which provides an image of the
three-dimensional void 1502, and in part using the scaled and fitted three-
dimensional receiving wireframe model 1506 provided by the volume
dimensioning system 110. Data, including visible image data provided by the
camera 152 and depth map data and intensity image data provided by the

image sensor 114 is exchanged between the host computer 150 and the
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volume dimensioning system 110 via the one or more busses 112. In some
instances, the volume dimensioning system 110 and the host computer system
150 may be partially or completely incorporated within the same housing, for
example a handheld computing device or a self service kiosk.

Figure 16 shows a method 1600 depicting the operation of an
example volume dimensioning system 1500, such as the system depicted in
Figure 15. In some instances, the first three-dimensional object 102 cannot be
constructed based upon the presence of a physical, three-dimensional object,
and is instead represented by the absence of one or more physical objects, or
alternatively as a three-dimensional void 1502. Such an instance can occur, for
example, when the system 100 is used to determine the available dimensions
or volume remaining within an empty or partially empty shipping container,
trailer, box, receptacle, or the like. For a carrier, the ability to determine with a
reasonable degree of accuracy the available dimensions or volume within a
particular three-dimensional void 1502 provides the ability to optimize the
placement of packaged physical three-dimensional objects 102 within the three-
dimensional void 1502. Advantageously, when the dimensions or volumes of
the packaged three-dimensional objects 102 intended for placement within the
three-dimensional void 1502 are known, for example when a volume
dimensioning system 100 as depicted in Figure 1 has been used to determine
the dimensions or volume of the three-dimensional packaging wireframe
models 106 corresponding to packaged three-dimensional objects 102, the
ability to determine the dimensions or volume available within a three-
dimensional void 1502 can assist in optimizing the load pattern of the three-
dimensional objects 102 within the three-dimensional void 1502.

At 1602, the image sensor 114 captures or acquires three-
dimensional image data of a first three-dimensional void 1502 within the field-
of-view of 116 of the image sensor 114. Image data captured or acquired by
the image sensor 114 is communicated to the one or more non-transitory,
machine-readable storage media 118 via one or more data busses 126. The

three-dimensional image data captured by the image sensor 114 includes a first
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three-dimensional void 1502 disposed within the field-of-view 116 of the image
sensor 114. The three-dimensional image data captured by the image sensor
114 may include depth data providing a depth map and intensity data providing
an intensity image of the field-of-view of the image sensor 114. Atleast a
portion of the three-dimensional image data received by the one or more non-
transitory, machine-readable storage media 118 is communicated to or
otherwise accessed by the one or more processors 120 in order to select one
or more geometric primitives 1504 preparatory to fitting a first three-dimensional
receiving wireframe model 1506 within all or a portion of the first three-
dimensional void 1502.

At 1604, based in whole or in part on the image data captured by
the image sensor 114, stored in the one or more non-transitory, machine-
readable storage media 118, and communicated to the one or more processors
120, the one or more processors 120 determine a number of features related to
or associated with the first three-dimensional void 1502 present in the image
data received by the one or more processors 120. The features may include
any point on the first three-dimensional void 1502 detectible in the image data
provided by the image sensor 114. For example, one or more features may
correspond to a point on the first three-dimensional void 1502 that is detectible
in a depth map containing the first three-dimensional void 1502, an intensity
image containing the three-dimensional void 1502, or both a depth map and an
intensity image containing the first three-dimensional void 1502. The identified
features include boundaries or defining edges of the first three-dimensional void
1502, for example corners, arcs, lines, edges, angles, radii, and similar
characteristics that define all or a portion of one or more boundaries defining
the first three-dimensional void 1502.

At 1606, based at least in part on the features identified in 1604,
the one or more processors 120 select one or more geometric primitives 1504
and fit the selected geometric primitives 1504 within substantially all of the
features identified by the one or more processors 120 as defining all or a

portion of one or more boundaries of the first three-dimensional void 1502.

70



10

15

20

25

30

WO 2013/166368 PCT/US2013/039438

The one or more selected geometric primitives 1504 are used by the one or
more processors 120 to fit a three-dimensional receiving wireframe model 1506
within all or a portion of the first three-dimensional void 1502.

After fitting the first three-dimensional receiving wireframe model
1506 within the three-dimensional void 1502, the one or more processors 120
determine, based on the first three-dimensional receiving wireframe model
1506, the available dimensions or volume within the first three-dimensional void
1502.

At 1608, the one or more processors 120 can generate a video,
image, or display data output that includes image data of the first three-
dimensional receiving wireframe model 1506 as fitted to the first three-
dimensional void 1502. The video, image, or display output data provided by
the one or more processors 120 may be used by the one or more CPUs 160 to
generate one or more video, image, or display outputs on the one or more
display devices 156 including an image concurrently or simultaneously
depicting the first three-dimensional void 1502 using image data from the
camera 152 and the first three-dimensional receiving wireframe model 1506
fitted therein by the one or more processors 120. In some instances, an image
concurrently or simultaneously depicting an image of the first three-dimensional
void 1502 along with the one or more geometric primitives 1504 and the scaled
and fitted three-dimensional packaging wireframe model 1506 may also be
provided on the one or more display devices 156.

Figure 17 shows a method 1700 extending from logic flow
diagram 1600 and describing one or more additional features of an example
volume dimensioning system 1500, such as the system depicted in Figure 15.
The one or more processors 120 fit the first three-dimensional receiving
wireframe model1506 within the first three-dimensional void 1502 and
determine the dimensions or volume available within the first three-dimensional
void 1502. In some instances, the one or more processors 120 can receive
data, for example via the host computer 150 that includes volumetric or

dimensional data associated with one or more three-dimensional objects 102.
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For example, where the first three-dimensional void 1502
corresponds to the available volume in a shipping container 1503 destined for
Seattle, the one or more processors 120 may receive volumetric or dimensional
data associated with a number of three-dimensional objects 102 for shipment to
Seattle using the shipping container 1503. Using the dimensions or volume of
the first three-dimensional void 1502, the dimensions of each of the number of
three-dimensional objects 102, and any specialized handling instructions (e.g.,
fragile objects, fragile surfaces, top-load only, etc), the one or more processors
120 can calculate a load pattern including each of the number of three-
dimensional objects 102 that accommodates any user specified specialized
shipping requirements and also specifies the placement or orientation of each
of the number of three-dimensional objects 102 within the three-dimensional
void 1502 such that the use of the available volume within the container 1503 is
optimized.

At 1702, the one or more processors 120 can receive an input, for
example via the host computer system 150, that contains dimensional or
volumetric data associated with each of a number of three-dimensional objects
102 that are intended for placement within the first three-dimensional void 1502.
In some instances, at least a portion of the dimensional or volumetric data
associated with each of a number of three-dimensional objects 102 can be
provided by the volume dimensioning system 100. In other instances, at least a
portion of the dimensional or volumetric data provided to the one or more
processors 120 can be based on three-dimensional packaging wireframe
models 106 fitted to each of the three-dimensional objects 102. In some
instances, the dimensional or volumetric data associated with a particular three-
dimensional object 102 can include one or more user-supplied specialized
shipping requirements (e.g., fragile surfaces, top-load items, “this side up”
designation, etc.).

At 1704, based in whole or in part upon the received dimensional
or volumetric data, the one or more processors 120 can determine the position

or orientation for each of the number of three-dimensional objects 102 within
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the first three-dimensional void 1502. The position or location of each of the
number of three-dimensional objects 102 can take into account the dimensions
of the object, the volume of the object, any specialized shipping requirements
associated with the object, and the available dimensions or volume within the
first three-dimensional void 1502. In some instances, the volume dimensioning
system 1500 can position or orient the number of three-dimensional objects 102
within the first three-dimensional void 1502 to minimize empty space within the
three-dimensional void 1502.

The one or more processors 120 can generate a video, image, or
display data output that includes the three-dimensional packaging wireframes
106 fitted to each of the three-dimensional objects 102 intended for placement
within the three-dimensional void 1502. The three-dimensional packaging
wireframes 106 associated with some or all of the number of three-dimensional
objects 102 may be depicted on the one or more display devices 156 in their
final positions and orientations within the three-dimensional receiving wireframe
1506. The video, image, or display output data provided by the one or more
processors 120 may be used by the one or more CPUs 160 to generate one or
more video, image, or display outputs on the one or more display devices 156
that includes an image concurrently or simultaneously depicting the first three-
dimensional void 1502 and all or a portion of the three-dimensional packaging
wireframe models 106 fitted within the three-dimensional void 1502 by the one
or more processors 120.

Figure 18 shows a method 1800 depicting the operation of an
example volume dimensioning system 100, such as the system depicted in
Figure 1. Recall that in certain instances, a user may provide an input to the
volume dimensioning system resulting in the changing of one or more three-
dimensional packaging wireframe models 106 fitted to the three-dimensional
object 102. In other instances, a user can provide a recommended geometric
primitive 104 for use by the one or more processors 120 in fitting a three-
dimensional packaging wireframe model 106 about the three-dimensional

object 102. In other instances, a user may provide an input to the volume
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dimensioning system 100 indicating a single three-dimensional object 102 can
be broken into a plurality of portions, each of the portions represented by a
different geometric primitive 104 and fitted by the one or more processors 120
with a different three-dimensional packaging wireframe model 106.

Over time, the volume dimensioning system 110 may “learn” to
automatically perform one or more functions that previously required initiation
based on a user input. In one instance, a first three-dimensional object 102
provides a particular pattern of feature points to the one or more processors
120 and a user provides an input selecting a particular geometric primitive 104
for use by the one or more processors 120 in fitting a three-dimensional
packaging wireframe model 106 to the three-dimensional object 102. If, in the
future, a three-dimensional object 102 provides a similar pattern of feature
points, the one or more processors 120 may autonomously select the geometric
primitive 104 previously selected by the user for fitting a three-dimensional
packaging wireframe model 106 about the three-dimensional object 102.

In another instance, a first three-dimensional object 102 provides
a particular pattern of feature points to the one or more processors 120 and a
user indicates to the one or more processors 120 that the first three-
dimensional object 102 should be apportioned into first and second portions
about which respective first and second three-dimensional packaging wireframe
models 106 can be fitted. [f, in the future, a three-dimensional object 102
provides a similar pattern of feature points, the one or more processors 120
may autonomously apportion the three-dimensional object 102 into multiple
portions based on the apportioning provided by the former user.

At 1802 the image sensor 114 captures or acquires three-
dimensional image data which is communicated to the one or more non-
transitory, machine-readable storage media 118 via one or more data busses
126. The three-dimensional image data captured by the image sensor 114
includes a first three-dimensional object 102 disposed within the field-of-view of
the image sensor 114. The three-dimensional image data captured by the

image sensor 114 may include depth data providing a depth map and intensity
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data providing an intensity image of the field-of-view of the image sensor 114.
At least a portion of the three-dimensional image data received by the one or
more non-transitory, machine-readable storage media 118 is communicated to
or otherwise accessed by the one or more processors 120 in order to select
one or more geometric primitives 104 for use in fitting a three-dimensional
packaging wireframe model 106 encompassing all or a portion of the three-
dimensional object 102.

At 1804, based in whole or in part on the three-dimensional image
data received from the image sensor 114, the one or more processors 120
determine a number of features on the first three-dimensional object 102
appearing in the three-dimensional image data. The features may include any
point, edge, face, surface, or other discernible structure on the first three-
dimensional object 102 and detectible in the image represented by the three-
dimensional image data. For example, one or more features may correspond
to a three-dimensional point on the three-dimensional object 102 that is
detectible in a depth map containing the first three-dimensional object, an
intensity image in which the three-dimensional object, or both a depth map and
an intensity image in which the first three-dimensional object 102 appears as is
represented. The identified features may include boundaries or defining edges
of the first three-dimensional object, for example corners, arcs, lines, edges,
angles, radii, and similar characteristics that define all or a portion of the
external boundary of the first three-dimensional object 102.

At 1806, based at least in part on the features identified in 1804,
the one or more processors 120 select one or more geometric primitives 104
from the library. The one or more processors 120 use the selected one or more
geometric primitives 104 in constructing a three-dimensional packaging
wireframe model 106 that encompasses all or a portion of the first three-
dimensional object 102. The three-dimensional packaging wireframe model
106 encompasses substantially all of the features identified in 1804 as defining

all or a portion of the first three-dimensional object 102.
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Based at least in part on the identified features, the one or more
processors 120 may search the library for one or more geometric primitives 104
having features, points, or nodes substantially similar to the spatial
arrangement of the identified features, points, or nodes associated with the first
three-dimensional object 102. In searching the library, the one or more
processors may use one or more appearance-based or feature-based shape
recognition or shape selection methods. For example a large modelbases
appearance-based method using eigenfaces may be used to select geometric
primitives 104 appropriate for fitting to the first three-dimensional object 102.

At 1808 the one or more processors 120 receives an input
indicative of a rejection of the first three-dimensional packaging wireframe
model 106 fitted by the one or more processors 120 about the first three-
dimensional object 102. The one or more processors 120 may receive the
input via an I/O device 166 such as a mouse or keyboard, or in a preferred
embodiment via a resistive or capacitive touch-based input device which is part
of a touch-screen display device 156 communicably connected to the host
computer system 150. Responsive to the receipt of the rejection of the first
three-dimensional packaging wireframe model 106 fitted about the first three-
dimensional object 102, the one or more processors 120 select a second
geometric primitive 104 and, based on the second selected geometric primitive
104, fit a second three-dimensional packaging wireframe model 106 about the
first three-dimensional object 102.

At 1810 the one or more processors 120 can associate the
number, pattern, or spatial relationship of the features identified in 1804 with the
second geometric primitive 104 selected by the one or more processors. If, in
the future, the one or more processors 120 identify a similar number, pattern, or
spatial relationship of the features, the one or more processors 120 can
autonomously select the second geometric primitive 104 for use in constructing
the first three-dimensional packaging wireframe model 106 about the first three-

dimensional object 102.
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The foregoing detailed description has set forth various
embodiments of the devices and/or processes via the use of block diagrams,
schematics, and examples. Insofar as such block diagrams, schematics, and
examples contain one or more functions and/or operations, it will be understood
by those skilled in the art that each function and/or operation within such block
diagrams, flowcharts, or examples can be implemented, individually and/or
collectively, by a wide range of hardware, software, firmware, or virtually any
combination thereof. In one embodiment, the present subject matter may be
implemented via Application Specific Integrated Circuits (ASICs) or
programmable gate arrays. However, those skilled in the art will recognize that
the embodiments disclosed herein, in whole or in part, can be equivalently
implemented in standard integrated circuits, as one or more computer programs
running on one or more computers (e.g., as one or more programs running on
one or more computer systems), as one or more programs running on one or
more controllers (e.g., microcontrollers) as one or more programs running on
one or more processors (e.g., microprocessors), as firmware, or as virtually any
combination thereof, and that designing the circuitry and/or writing the code for
the software and or firmware would be well within the skill of one of ordinary
skill in the art in light of this disclosure.

Various methods and /or algorithms have been described. Some
or all of those methods and/or algorithms may omit some of the described acts
or steps, include additional acts or steps, combine acts or steps, and/or may
perform some acts or steps in a different order than described. Some of the
method or algorithms may be implemented in software routines. Some of the
software routines may be called from other software routines. Software
routines may execute sequentially or concurrently, and may employ a multi-
threaded approach.

In addition, those skilled in the art will appreciate that the
mechanisms taught herein are capable of being distributed as a program
product in a variety of forms, and that an illustrative embodiment applies equally

regardless of the particular type of signal bearing media used to actually carry
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out the distribution. Examples of nontransitory signal bearing media include,
but are not limited to, the following: recordable type media such as portable
disks and memory, hard disk drives, CD/DVD ROMs, digital tape, computer
memory, and other non-transitory computer-readable storage media.

U.S. non-provisional patent application Serial No. 13/464,799 filed
May 4, 2012 is incorporated herein by reference, in its entirety.

These and other changes can be made to the embodiments in
light of the above-detailed description. In general, in the following claims, the
terms used should not be construed to limit the claims to the specific
embodiments disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly, the claims are not

limited by the disclosure.
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CLAIMS

1. A method of operation of a volume dimensioning system, the
method comprising:

receiving image data of an area from a first point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the
area including at least a first three-dimensional object to be dimensioned;

determining from the received image data a number of features in three
dimensions of the first three-dimensional object by at least one processor
communicatively coupled to the at least one nontransitory processor-readable
medium,;

based at least on part on the determined features of the first three-
dimensional object, fitting a first three-dimensional packaging wireframe model about
the first three-dimensional object by the at least one processor; and

causing a displaying of an image of the first three-dimensional
packaging wireframe model fitted about an image of the first three-dimensional
object on a display on which the image of the first three-dimensional object is

displayed.

2. The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a change in a position of at least a portion of the displayed image of the
first three-dimensional packaging wireframe model relative to the displayed image of
the first three-dimensional object; and

causing a displaying of an updated image of the first three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display.
3. The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input

indicative of a change in a position of at least a portion of the displayed image of the
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three-dimensional packaging wireframe model relative to the displayed image of the
first three-dimensional object;

based at least in part on the received user input, fitting a second three-
dimensional packaging wireframe model about the first three-dimensional object by
the at least one processor, the second three-dimensional packaging wireframe
model having a different geometrical shape than the first three-dimensional
wireframe model; and

causing a displaying of an image of the second three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display.

4, The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input
indicative of an identification of a second three-dimensional object, the second three-
dimensional object different from the first three-dimensional object;

based at least in part on the received user input, fitting a second three-
dimensional packaging wireframe model about the second three-dimensional object
by the at least one processor, the second three-dimensional wireframe model; and

causing a displaying of an image of the second three-dimensional
packaging wireframe model fitted about the image of the second three-dimensional

object on the display.

5. The method of claim 4 wherein the at least one processor
causes the concurrent displaying of the image of the first three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional
object on the display and the image of the second three-dimensional packaging
wireframe model fitted about the image of the second three-dimensional object on

the display.
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6. The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input
indicative of an identification of at least one portion of the first three-dimensional
object;

based at least in part on the received user input, fitting one three-
dimensional packaging wireframe model about a first portion of the first three-
dimensional object by the at least one processor;

based at least in part on the received user input, fitting one three-
dimensional packaging wireframe model about a second portion of the first three-
dimensional object by the at least one processor; and

causing a concurrent displaying of an image of the three-dimensional
wireframe models respectively fitted about the image of the first and the second

portions of the first three-dimensional object on the display.

7. The method of claim 1 wherein the at least one processor
causes the displaying of the image of the first three-dimensional packaging
wireframe model fitted about the image of the first three-dimensional object on the

display to rotate about an axis.

8. The method of claim 7, further comprising:

receiving image data of the area from a second point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the
second point of view different from the first point of view;

determining from the received image data at least one additional
feature in three dimensions of the first three-dimensional object by at least one
processor;

based on the determined features of the first three-dimensional object,
at least one of adjusting the first three-dimensional packaging wireframe model or
fitting a second three-dimensional packaging wireframe model about the first three-

dimensional object by the at least one processor; and
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causing a displaying of an image of at least one of the adjusted first
three-dimensional packaging wireframe model or the second three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display.

9. The method of claim 1 wherein fitting a first three-dimensional
packaging wireframe model about the first three-dimensional object by the at least
one processor includes selecting from a number of defined geometric primitives that
define respective volumes and sizing at least one dimension of the selected
geometric primitive based on a corresponding dimension of the first three-
dimensional object such that the first three-dimensional object is completely

encompassed by the selected and sized geometric primitive.

10.  The method of claim 9, further comprising:

producing a wireframe model of the first three-dimensional object; and

causing a concurrently displaying of the wireframe model of the first
three-dimensional object along with the three-dimensional packaging wireframe

model.

11.  The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a geometric primitive of the first three-dimensional object; and

selecting the first three-dimensional object from a plurality of three-
dimensional objects represented in the image data by at least one processor, based
at least in part on the user input indicative of the geometric primitive of the first three-

dimensional object.

12.  The method of claim 11 wherein selecting the first three-
dimensional object from a plurality of three-dimensional objects represented in the
image data based at least in part on the user input indicative of the geometric

primitive of the first three-dimensional object includes determining which of the three-

82



WO 2013/166368 PCT/US2013/039438

dimensional objects has a geometric primitive that most closely matches the

geometric primitive indicated by the received user input.

13.  The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input
indicative of an acceptance of the first three-dimensional packaging wireframe
model; and

performing at least a volumetric calculation using a number of

dimensions of the selected three-dimensional packaging wireframe model.

14.  The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a rejection of the first three-dimensional packaging wireframe model;
and

in response to the received user input, fitting a second three-
dimensional packaging wireframe model about the first three-dimensional object by
the at least one processor, the second three-dimensional packaging wireframe
model having a different geometric primitive than the first three-dimensional
wireframe model; and

causing a displaying of an image of the second three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display.

15.  The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a second three-dimensional packaging wireframe model, the second
three-dimensional packaging wireframe model having a different geometric primitive
than the first three-dimensional wireframe model;

in response to the received user input, fitting the second three-
dimensional packaging wireframe model about the first three-dimensional object by

the at least one processor; and
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causing a displaying of an image of the second three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display by the at least one processor.

16.  The method of claim 15, further comprising:

causing by the at least one processor a displaying of a plurality of user
selectable icons, each corresponding to a respective one of a plurality of three-
dimensional packaging wireframe model and selectable by a user to be fitted to the

first three-dimensional object.

17.  The method of claim 1, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a region of interest of the displayed image of the first three-dimensional
object; and

in response to the received user input, causing by the at least one
processor a displaying of an enlarged image of a portion of the first three-

dimensional object corresponding to the region of interest by the display.

18.  The method of claim 17, further comprising:

causing by the at least one processor a displaying of a plurality of user
selectable icons, each corresponding to a respective one of a plurality of three-
dimensional packaging wireframe model and selectable by a user to be fitted to the

first three-dimensional object.

19.  The method of claim 1 wherein the volume dimensioning system
comprises a computer having a first processor, a camera and the display, and the
volume dimensioning system further comprises a volume dimensioning system
having a second processor, the volume dimensioning system selectively detachably
coupleable to the computer, and causing a displaying of an image of the first three-
dimensional packaging wireframe model fitted about an image of the first three-

dimensional object on a display on which the image of the first three-dimensional
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object is displayed includes the second processor causing the first processor to
display the image of the first three-dimensional packaging wireframe model fitted
about the image of the first three-dimensional object on the display of the first

computer.

20. A volume dimensioning system, comprising:

at least one image sensor communicably coupled to at least one
nontransitory processor-readable medium;

at least one processor communicably coupled to the at least one
nontransitory processor-readable medium;

a machine executable instruction set stored within at least one
nontransitory processor-readable medium, that when executed by the at least one
processor causes the at least one processor to:

read image data from the at least one nontransitory processor-readable
medium, the image data associated with a first point of view of an area sensed by
the at least one image sensor, the area including at least a first three-dimensional
object to be dimensioned;

determine from the received image data a number of features in three
dimensions of the first three-dimensional object;

based at least on part on the determined features of the first three-
dimensional object, fit a first three-dimensional packaging wireframe model about the
first three-dimensional object; and

cause a display of an image of the first three-dimensional packaging
wireframe model fitted about an image of the first three-dimensional object on a

display device.

21.  The volume dimensioning system of claim 20 wherein the
machine executable instruction set further comprises instructions, that when
executed by the at least one processor cause the at least one processor to:

select from a number of defined geometric primitives that define

respective volumes and sizing at least one dimension of the selected geometric
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primitive based on a corresponding dimension of the first three-dimensional object
such that the first three-dimensional object is completely encompassed by the
selected and sized geometric primitive;
produce a wireframe model of the first three-dimensional object; and
cause a concurrent display of the wireframe model of the first three-

dimensional object along with the three-dimensional packaging wireframe model.

22.  The volume dimensioning system of claim 20, the machine
executable instruction set stored within at least one nontransitory processor-readable
medium further comprising instructions, that when executed by the at least one
processor cause the at least one processor to:

responsive to a user input received by the at least one processor,
change a position of at least a portion of the displayed image of the first three-
dimensional packaging wireframe model relative to the displayed image of the first
three-dimensional object; and

cause a display of an updated image of the first three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display device.

23. The volume dimensioning system of claim 20, the machine
executable instruction set stored within at least one nontransitory processor-readable
medium further comprising instructions, that when executed by the at least one
processor cause the at least one processor to:

responsive to a user input received by the at least one processor,
change a position of at least a portion of the displayed image of the three-
dimensional packaging wireframe model relative to the displayed image of the first
three-dimensional object;

responsive to a user input received by the at least one processor, fit a
second three-dimensional packaging wireframe model about the first three-

dimensional object, the second three-dimensional packaging wireframe model
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having a different geometrical shape than the first three-dimensional wireframe
model; and

cause a display of an image of the second three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display device.

24.  The volume dimensioning system of claim 20, the machine
executable instruction set stored within at least one nontransitory processor-readable
medium further comprising instructions, that when executed by the at least one
processor cause the at least one processor to:

responsive to a user input received by the at least one processor, the
user input indicative of an identification of a second three-dimensional object
different from the first three-dimensional object, fit a second three-dimensional
packaging wireframe model about the second three-dimensional object; and

cause a display of an image of the second three-dimensional
packaging wireframe model fitted about the image of the second three-dimensional

object on the display.

25.  The volume dimensioning system of claim 20, the machine
executable instruction set stored within at least one nontransitory processor-readable
medium further comprising instructions, that when executed by the at least one
processor cause the at least one processor to:

responsive to a user input received by the at least one processor, the
user input indicative of an identification of at least one portion of the first three-
dimensional object, fit a three-dimensional packaging wireframe model about a first
portion of the first three-dimensional object;

responsive to a user input received by the at least one processor, the
user input indicative of an identification of at least one portion of the first three-
dimensional object, fit a three-dimensional packaging wireframe model about a

second portion of the first three-dimensional object; and
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cause a display of an image of the three-dimensional wireframe models
fitted about the image of the first and the second portions of the first three-

dimensional object on the display device.

26. The volume dimensioning system of claim 20, the machine
executable instruction set stored within at least one nontransitory processor-readable
medium further comprising instructions, that when executed by the at least one
processor cause the at least one processor to:

responsive to a user input received by the at least one processor, the
user input indicative of a second three-dimensional packaging wireframe model
having a different geometric primitive than the first three-dimensional wireframe
model, fit the second three-dimensional packaging wireframe model about the first
three-dimensional object by the at least one processor; and

cause a display of an image of the second three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display.

27.  The volume dimensioning system of claim 20, the machine
executable instruction set stored within at least one nontransitory processor-readable
medium further comprising instructions, that when executed by the at least one
processor cause the at least one processor to:

cause a display of a plurality of user selectable icons on the display
device, each user selectable icon corresponding to a respective one of a plurality of
three-dimensional packaging wireframe models and selectable by a user to be fitted

to the first three-dimensional object.

28. A method of operation of a volume dimensioning system, the
method comprising:

receiving image data of an area from a first point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the

area including at least a first three-dimensional object to be dimensioned;
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determining from the received image data a number of features in three
dimensions of the first three-dimensional object by at least one processor
communicatively coupled to the at least one nontransitory processor-readable
medium,;

based at least in part on the determined features of the first three-
dimensional object, identifying a first portion and at least a second portion of the first
three-dimensional object by the at least one processor;

based on the determined features of the first three-dimensional object,
fitting a first three-dimensional packaging wireframe model about the first portion of
the first three-dimensional object by the at least one processor;

based on the determined features of the first three-dimensional object,
fitting a second three-dimensional packaging wireframe model about the second
portion of the first three-dimensional object by the at least one processor; and

causing a concurrent displaying of an image of the first and the second
three-dimensional wireframe models respectively fitted about the image of the first

and the second portions of the first three-dimensional object on the display.

29. The method of claim 28, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a change in a position of at least a portion of the displayed image of at
least one of the first three-dimensional packaging wireframe model or the second
three-dimensional packaging wireframe model relative to the displayed image of the
first and second portions of the first three-dimensional object, respectively; and

causing a displaying of an updated image of the first and second three-
dimensional packaging wireframe models fitted about the image of the first and

second portions of the first three-dimensional object on the display.

30. The method of claim 28, further comprising:
receiving at least one user input via a user interface, the user input
indicative of a change in a position of at least a portion of the displayed image of at

least one of the first three-dimensional packaging wireframe model or the second
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three-dimensional packaging wireframe model relative to the displayed image of the
first three-dimensional object;

based at least in part on the received user input, fitting a replacement
three-dimensional packaging wireframe model about at least one of the first or
second portions of the first three-dimensional object by the at least one processor,
the replacement three-dimensional packaging wireframe model having a different
geometric primitive than the first or second three-dimensional wireframe model that it
replaces; and

causing a displaying of an image of at least the replacement three-
dimensional packaging wireframe model fitted about the image of the first three-

dimensional object on the display.

31.  The method of claim 28 wherein the at least one processor
causes the displaying of the image of the first and the second three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display to rotate about an axis.

32. The method of claim 31, further comprising:

receiving image data of the area from a second point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the
second point of view different from the first point of view;

determining from the received image data at least one additional
feature in three dimensions of the first three-dimensional object by at least one
processor;

based on the determined features of the first three-dimensional object,
performing at least one of adjusting the first or second three-dimensional packaging
wireframe model or fitting a third three-dimensional packaging wireframe model
about at least a portion of the first three-dimensional object not discernible from the
first point of view by the at least one processor; and

causing a displaying of an image of at least one of the adjusted first or

second three-dimensional packaging wireframe model or the first, second, and third
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three-dimensional packaging wireframe models fitted about the image of the first

three-dimensional object on the display.

33. The method of claim 28 wherein fitting a first three-dimensional
packaging wireframe model about the first three-dimensional object by the at least
one processor includes:

selecting the first three-dimensional packaging wireframe model from a
number of defined geometric primitives that define respective volumes and sizing at
least one dimension of the selected geometric primitive based on a corresponding
dimension of the first portion of the first three-dimensional object such that the first
portion of the first three-dimensional object is completely encompassed by the
selected and sized geometric primitive; and

wherein fitting a second three-dimensional packaging wireframe model
about the second portion of the first three-dimensional object by the at least one
processor includes:

selecting the second three-dimensional packaging wireframe model
from the number of defined geometric primitives that define respective volumes and
sizing at least one dimension of the selected geometric primitive based on a
corresponding dimension of the second portion of the first three-dimensional object
such that the second portion of the first three-dimensional object is completely

encompassed by the selected and sized geometric primitive.

34. The method of claim 33, further comprising:

producing a wireframe model of the first three-dimensional object; and

causing a concurrently displaying of the wireframe model of the first
three-dimensional object along with the first and second three-dimensional

packaging wireframe models by the display.
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35. The method of claim 28, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a geometric primitive of at least the first portion or the second portion of
the first three-dimensional object; and

selecting the first three-dimensional object from a plurality of three-
dimensional objects represented in the image data by at least one processor, based
at least in part on the user input indicative of the geometric primitive of at least a

portion of the first three-dimensional object.

36. The method of claim 35 wherein selecting the first three-
dimensional object from a plurality of three-dimensional objects represented in the
image data by at least one processor, based at least in part on the user input
indicative of the geometric primitive of at least a portion of the first three-dimensional
object includes determining which of the three-dimensional objects contains a portion
having a geometric primitive that most closely matches the geometric primitive

indicated by the received user input.

37. The method of claim 28, further comprising:

receiving at least one user input via a user interface, the user input
indicative of an acceptance of the first three-dimensional packaging wireframe model
and the second three-dimensional packaging wireframe model; and

performing at least a volumetric calculation using a number of
dimensions of the selected first and second three-dimensional packaging wireframe

models.

38. The method of claim 28, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a rejection of at least one of the first three-dimensional packaging
wireframe model or the second three-dimensional packaging wireframe model; and

in response to the received user input, fitting a replacement three-

dimensional packaging wireframe model about the first or second portion of the first
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three-dimensional object by the at least one processor, the replacement three-
dimensional packaging wireframe model having a different geometric primitive than
the first or second three-dimensional wireframe model that it replaces; and

causing a displaying of an image of the replacement three-dimensional
packaging wireframe model fitted about at least a portion of the image of the first

three-dimensional object on the display.

39. The method of claim 28, further comprising:

receiving at least one user input via a user interface, the user input
indicative of a replacement three-dimensional packaging wireframe model, the
replacement three-dimensional packaging wireframe model having a different
geometric primitive than at least one of the first three-dimensional wireframe model
and the second three-dimensional wireframe model;

in response to the received user input, fitting the replacement three-
dimensional packaging wireframe model about either the first or second portion of
the first three-dimensional object by the at least one processor; and

causing a displaying of an image of the replacement three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display by the at least one processor.

40. The method of claim 39, further comprising:

causing by the at least one processor a displaying of a plurality of user
selectable options, each user selectable option corresponding to a respective one of
a plurality of three-dimensional packaging wireframe model and selectable by a user

to be fitted to either the first or second portion of the first three-dimensional object.

41. A volume dimensioning system, comprising:

at least one image sensor communicably coupled to at least one
nontransitory processor-readable medium;

at least one processor communicably coupled to the at least one

nontransitory processor-readable medium; and
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a machine executable instruction set stored within at least one
nontransitory processor-readable medium, that when executed by the at least one
processor causes the at least one processor to:

read image data from the at least one nontransitory processor-readable
medium, the image data associated with a first point of view of an area sensed by
the at least one image sensor, the area including at least a first three-dimensional
object to be dimensioned;

determine from the received image data a number of features in three
dimensions of the first three-dimensional object;

based at least in part on the determined features of the first three-
dimensional object, identify a first portion and at least a second portion of the first
three-dimensional object;

based on the determined features of the first three-dimensional object,
fit a first three-dimensional packaging wireframe model about the first portion of the
first three-dimensional object;

based on the determined features of the first three-dimensional object,
fit a second three-dimensional packaging wireframe model about the second portion
of the first three-dimensional object; and

cause a concurrent display of an image of the first and the second
three-dimensional wireframe models fitted about the image of the first and the

second portions of the first three-dimensional object.

42. The method of claim 41 wherein the first three-dimensional

wireframe model is a first geometric primitive; and
wherein the second three-dimensional wireframe model is a second

geometric primitive.
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43. A method of operation of a volume dimensioning system, the
method comprising:

receiving image data of an area from a first point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the
area including at least a first three-dimensional object to be dimensioned;

determining that there are insufficient features in the image data to
determine a three-dimensional volume occupied by the first three-dimensional
object;

in response to the determination, generating an output to change at
least one of a relative position or orientation of at least one image sensor with
respect to at least the first three-dimensional object to obtain image data from a

second point of view, the second point of view different from the first point of view.

44.  The method of claim 43 wherein generating an output to change
at least one of a relative position or orientation of at least one image sensor with
respect to at least the first three-dimensional object to obtain image data from a
second point of view includes:

generating at least one output, including at least one of an audio output

or a visual output that is perceivable by a user.

45.  The method of claim 44 wherein the at least one output
indicates to the user a direction of movement to change at least one of a relative
position or orientation of the at least one sensor with respect to the first three-

dimensional object.

46. The method of claim 43, further comprising:

causing a displaying of an image of a two-dimensional packaging
wireframe model fitted about a portion of an image of the first three-dimensional
object on a display on which the image of the first three-dimensional object is

displayed.
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47. The method of claim 46 wherein the causing of the displaying of
the image of the two-dimensional packaging wireframe model fitted about the portion
of the image of the first three-dimensional object occurs before generating the

output.

48. A volume dimensioning system, comprising:

at least one image sensor communicably coupled to at least one
nontransitory processor-readable medium;

at least one processor communicably coupled to the at least one
nontransitory processor-readable medium; and

a machine executable instruction set stored within at least one
nontransitory processor-readable medium, that when executed by the at least one
processor causes the at least one processor to:

read image data from the at least one nontransitory processor-readable
medium, the image data associated with a first point of view of an area sensed by
the at least one image sensor, the area including at least a first three-dimensional
object to be dimensioned;

determine from the received image data that there are an insufficient
number of features in the image data to determine a three-dimensional volume
occupied by the first three-dimensional object;

responsive to the determination of an insufficient number of features in
the image data, generate an output to change at least one of a relative position or
orientation of at least one image sensor with respect to at least the first three-
dimensional object to obtain image data from a second point of view, the second

point of view different from the first point of view.

49.  The volume dimensioning system of claim 48 wherein the
machine executable instruction set further comprises instructions that when
executed by the at least one processor further cause the at least one processor to:

generate at least one output, including at least one of an audio output

or a visual output that is perceivable by a user.
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50. The volume dimensioning system of claim 49 wherein the at
least one output indicates to the user a direction of movement to change at least one
of a relative position or orientation of the at least one sensor with respect to the first

three-dimensional object.

51. A method of operation of a volume dimensioning system, the
method comprising:

receiving image data of an area from a first point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the
area including at least a first three-dimensional object to be dimensioned;

receiving at least one user input via a user interface communicably
coupled to at least one processor, the user input indicative of at least a portion of the
three-dimensional packaging wireframe model of the first three-dimensional object;

in response to the received user input, fitting the user inputted three-
dimensional packaging wireframe model to at least a portion of one or more edges of
the first three-dimensional object by the at least one processor; and

causing a displaying of an image of the user inputted three-dimensional
packaging wireframe model fitted about the image of the first three-dimensional

object on the display by the at least one processor.

52. The method of claim 51 wherein the at least one processor
causes the displaying of the image of the first three-dimensional packaging
wireframe model fitted about the image of the first three-dimensional object on the

display to rotate about an axis.

53. The method of claim 52, further comprising:
receiving image data of the area from a second point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the

second point of view different from the first point of view;
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determining from the received image data at least one additional
feature in three dimensions of the first three-dimensional object by at least one
processor;

based on the determined features of the first three-dimensional object,
performing at least one of adjusting the three-dimensional packaging wireframe
model by accepting additional user input via the user interface communicably
coupled to at least one processor, the additional user input indicative the first three-
dimensional packaging wireframe model; and

causing a displaying of an image of at least one of the adjusted first
three-dimensional packaging wireframe model fitted about the image of the first

three-dimensional object on the display.

54.  The method of claim 51, further comprising:

receiving at least one user input via a user interface, the user input
indicative of an acceptance of the first three-dimensional packaging wireframe
model; and

performing at least a volumetric calculation using a number of

dimensions of the selected three-dimensional packaging wireframe model.

55. A method of operation of a volume dimensioning system, the
method comprising:

receiving image data of an area from a first point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the
area including at least a first three-dimensional void to be dimensioned,;

determining from the received image data a number of features in three
dimensions of the first three-dimensional void by at least one processor
communicatively coupled to the at least one nontransitory processor-readable
medium,;

based at least on part on the determined features of the first three-
dimensional void, fitting a first three-dimensional receiving wireframe model within

the first three-dimensional void by the at least one processor; and
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causing a displaying of an image of the first three-dimensional
receiving wireframe model fitted within an image of the first three-dimensional void

on a display on which the image of the first three-dimensional void is displayed.

56. The method of claim 55, further comprising:
calculating by the at least one processor, at least one of an available
receiving dimension and an available receiving volume encompassed by the first

three-dimensional receiving wireframe model.

57.  The method of claim 56, further comprising:

receiving by the at least one nontransitory processor-readable medium
at least one of dimensional data and volume data for each of a plurality of three-
dimensional objects, the dimensional data and volume data determined based upon
a respective three-dimensional packaging wireframe model fitted to each of the
plurality of three-dimensional objects and corresponding to at least one of the
respective dimensions and volume of each of the plurality of three-dimensional
objects; and

determining by the at least one processor communicably coupled to the
at least one nontransitory processor-readable medium based at least in part on at
least one of the available receiving dimension and an available receiving volume
encompassed by the first three-dimensional receiving wireframe model at least one
of a position and an orientation of at least a portion of the plurality of three-
dimensional objects within the first three-dimensional void;

wherein at least one of the position and the orientation of at least a
portion of the plurality of three-dimensional objects within the first three-dimensional
void minimizes at least one of: at least one dimension occupied by at least a portion
of the plurality of three-dimensional objects within the first three-dimensional void, or
a volume occupied by at least a portion of the plurality of three-dimensional objects

within the first three-dimensional void.
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58.  The method of claim 57, further comprising:
indicating at least one of the position and the orientation of each of the
three-dimensional packaging wireframes associated with each of the plurality of

three-dimensional objects within the first three-dimensional void on the display.

59. A volume dimensioning system, comprising:

at least one image sensor communicably coupled to at least one
nontransitory processor-readable medium;

at least one processor communicably coupled to the at least one
nontransitory processor-readable medium; and

a machine executable instruction set stored within at least one
nontransitory processor-readable medium, that when executed by the at least one
processor causes the at least one processor to:

read image data from the at least one nontransitory processor-readable
medium, the image data associated with a first point of view of an area sensed by
the at least one image sensor, the area including at least a first three-dimensional
void to be dimensioned;

determine from the received image data a number of features in three
dimensions of the first three-dimensional void;

based at least on part on the determined features of the first three-
dimensional void, fit a first three-dimensional receiving wireframe model within the
first three-dimensional void; and

cause a display of an image of the first three-dimensional receiving
wireframe model fitted within an image of the first three-dimensional void on the

display device.
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60. The volume dimensioning system of claim 59 wherein the
machine executable instruction set further comprises instructions, that when
executed by the at least one processor further cause the at least one processor to:

determine at least one of an available receiving dimension and an
available receiving volume encompassed by the first three-dimensional receiving
wireframe model;

receive from the at least one nontransitory processor-readable medium
at least one of dimensional data and volume data for each of a plurality of three-
dimensional objects, the dimensional data and volume data determined based upon
a respective three-dimensional packaging wireframe model fitted to each of the
plurality of three-dimensional objects and corresponding to at least one of the
respective dimensions and volume of each of the plurality of three-dimensional
objects; and

determine based at least in part on at least one of the available
receiving dimension and the available receiving volume encompassed by the first
three-dimensional receiving wireframe model at least one of a position and an
orientation of at least a portion of the plurality of three-dimensional objects within the
first three-dimensional void;

wherein at least one of the position and the orientation of at least a
portion of the plurality of three-dimensional objects within the first three-dimensional
void minimizes at least one of: at least one dimension occupied by at least a portion
of the plurality of three-dimensional objects within the first three-dimensional void, or
a volume occupied by at least a portion of the plurality of three-dimensional objects

within the first three-dimensional void.

61. A method of operation of a volume dimensioning system, the
method comprising:

receiving image data of an area from a first point of view by at least
one nontransitory processor-readable medium from at least one image sensor, the

area including at least a first three-dimensional object to be dimensioned;
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determining from the received image data a number of features in three
dimensions of the first three-dimensional object by at least one processor
communicatively coupled to the at least one nontransitory processor-readable
medium,;

based at least on part on the determined features of the first three-
dimensional object, selecting a geometric primitive from a library of geometric
primitives stored within the at least one nontransitory processor-readable medium,;

fitting a first three-dimensional packaging wireframe model about the
first three-dimensional object by the at least one processor based at least in part on
the selected geometric primitive;

receiving at least one user input via a user interface, the user input
indicative of a rejection of the first geometric primitive;

selecting by the at least one processor a second geometric primitive
from the library of geometric primitives stored within the at least one nontransitory
processor-readable medium, the second geometric primitive different from the first
geometric primitive;

fitting a second three-dimensional packaging wireframe model about
the first three-dimensional object by the at least one processor based at least in part
on the selected second geometric primitive;

storing by the at least one processor in the at least one nontransitory
processor-readable medium, an association between at least one of: a number of
determined features; a pattern of determined features; or, a three-dimensional
spatial arrangement of determined features and the second geometric primitive such
that upon determining at least one of: a similar number of determined features; a
similar pattern of determined features; or, a similar three-dimensional spatial
arrangement of determined features, the one or more processors select the second
geometric primitive from the library of geometric primitives stored within the at least

one nontransitory processor-readable medium.
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