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57 ABSTRACT

Systems and method for estimating a remaining amount of
a consumable resource are provided. According to one
method, a first step of detecting the center of mass of a
mobile printer is conducted, wherein the mobile printer
comprises print media. The method may also include a step
of determining a remaining print media level based on the
detected center of mass.
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ESTIMATING A REMAINING AMOUNT OF A
CONSUMABLE RESOURCE BASED ON A
CENTER OF MASS CALCULATION

FIELD OF THE INVENTION

[0001] The present invention relates to systems and meth-
ods for determining a remaining amount of a consumable
resource, such as print media, and more particularly relates
to determining the remaining amount based on a center of
mass calculation.

BACKGROUND

[0002] Generally, mobile printers allow a user to print
labels and other print media while on the move. For instance,
mobile printers may be used in a warehouse environment, in
a retail setting, in the transportation industry, and in other
environments where users might not be confined to an office
but may instead be required to perform activities, including
printing, in many different locations.

[0003] When a user is moving around within an area and
performing multiple printing jobs, the user may be unaware
that the mobile printer may be running out of paper, labels,
or other print media on which the mobile printer may be
designed to print. When the print media is used up, the user
may be required to reload more print media into the mobile
printer. However, it can be time-consuming and/or incon-
venient for the user if the print media runs out when the user
is far from a supply of replacement media. Therefore, a need
exists for communicating to the user of a mobile printer
when the print media is empty, almost empty, or below a
certain threshold.

SUMMARY

[0004] Accordingly, in one aspect, the present invention
embraces systems and methods for calculating center of
mass of a device (e.g., mobile printer). From the center of
mass calculations, a remaining amount of a consumable
resource (e.g., paper) can be calculated. The remaining
amount of the consumable resource can be calculated by
comparing the center of mass reading with pre-established
reference points that represent center of mass points when
the device is full or empty.

[0005] Inanexemplary embodiment, a method is provided
for estimating the remaining amount of consumable
resource. The method includes detecting the center of mass
of'a mobile printer, where the mobile printer comprises print
media. The method also includes determining a remaining
print media level based on the detected center of mass.
[0006] In another exemplary embodiment, a printer is
described. The printer includes a housing and a printing
mechanism mounted within the housing. The printing
mechanism is configured to print onto a print media. The
printer further includes a media level detection module
mounted with the housing. The media level detection mod-
ule is configured to detect the center of mass of the printer.
The media level detection module is further configured to
determine a remaining print media level based on the
detected center of mass of the printer.

[0007] In yet another exemplary embodiment, a device
configured to use a consumable resource is provided. The
device includes a housing that includes a containment area
where the consumable resource is to be stored. The device
further includes a detection module configured to detect the
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center of mass of the device and determine a remaining level
of the consumable resource based on the detected center of
mass.

[0008] The foregoing illustrative summary, as well as
other exemplary objectives and/or advantages of the inven-
tion, and the manner in which the same are accomplished,
are further explained within the following detailed descrip-
tion and its accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 schematically depicts a cross-sectional side
view of a first mobile printer arranged in a horizontal
orientation when the print media is full, according to one
embodiment of the present invention.

[0010] FIG. 2 schematically depicts a cross-sectional side
view of the first mobile printer of FIG. 1 when the print
media is empty, according to one embodiment of the present
invention.

[0011] FIG. 3 schematically depicts a cross-sectional side
view of the first mobile printer of FIG. 1 arranged in a
vertical orientation when the print media is full, according to
one embodiment of the present invention.

[0012] FIG. 4 schematically depicts a cross-sectional side
view of the first mobile printer of FIG. 3 when the print
media is empty, according to one embodiment of the present
invention.

[0013] FIG. 5 schematically depicts a cross-sectional side
view of a portion of a second mobile printer arranged in a
horizontal orientation when the print media is between full
and empty, according to one embodiment of the present
invention.

[0014] FIG. 6 schematically depicts a cross-sectional side
view of the portion of the second mobile printer of FIG. 5§
arranged in a vertical orientation, according to one embodi-
ment of the present invention.

[0015] FIG. 7 schematically depicts a cross-sectional side
view of a portion of a third mobile printer arranged in a
horizontal orientation when the print media is between full
and empty, according to one embodiment of the present
invention.

[0016] FIG. 8 schematically depicts a cross-sectional side
view of the portion of the third mobile printer of FIG. 7
arranged in a vertical orientation, according to one embodi-
ment of the present invention.

[0017] FIG. 9 schematically depicts a flow diagram of a
method for establishing a correlation between center of mass
points and full and empty conditions of the print media,
according to one embodiment of the present invention.
[0018] FIG. 10 schematically depicts a flow diagram of a
method for indicating when print media needs to be replaced
during operation of a mobile printer, according to one
embodiment of the present invention.

DETAILED DESCRIPTION

[0019] The present invention embraces systems and meth-
ods for sensing the amount of a consumable resource (e.g.,
print media) that remains within a device (e.g., a mobile
printer). The remaining amount of the resource can be
measured using an accelerometer and/or gyroscopic sensor
to determine the center of mass of the mobile printer at
different times during the use of the mobile printer. As the
print media is consumed, the mobile printer not only loses
overall mass but also experiences a change in its center of
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mass or center of gravity. Since the print media by itself is
usually not centered within a housing of the mobile printer,
the change in mass of the print media as it is consumed
thereby changes the center of mass of the mobile printer.
[0020] Furthermore, the mobile printer may be configured
to store reference points that define the extremes of the
locations of the center of mass with respect to a housing in
which the print media is contained. The stored reference
points may include an initial location of the center of mass
when the mobile printer contains a new full roll of print
media. This initial location can be regarded as being the
location of the center of mass when the print media is “full.”
Also, the mobile printer may also be configured to store an
ending location, which represents the location of the center
of mass of the mobile printer when the print media has been
completely used up. This ending location can be regarded as
being the location of the center of mass when the print media
is “empty.”

[0021] Some mobile printers may already include an
accelerometer and/or gyroscopic sensor for determining
orientation and dynamic positional states of the device. The
present invention may also utilize these elements for making
center of mass calculations. The accelerometer and/or gyro-
scopic sensor can measure approximate weight of the mobile
printer, which may also be used to estimate the amount of
print media left in the mobile printer. In addition to mobile
printers, some embodiments may include incorporating an
accelerometer and/or gyroscopic sensor in a stationary
printer that may be moved occasionally. In this respect, for
stationary printers that may be moved for printing at differ-
ent locations, the embodiments disclosed herein may also to
these printers as well.

[0022] The main contributors to the weight of a mobile
printer are typically the battery and the print media. As the
print media is consumed due to printing operations, the
concentration of the weight or center of mass is shifted. The
accelerometer and/or gyroscopic sensor readings will vary
with the changes in the center of mass. Furthermore, the
center of mass calculations can be correlated with the
amount of print media remaining in the mobile printer. Thus,
as the print media is consumed, the center of mass gradually
moves from a first point (when the print media is full) to a
second point (when the print media is empty).

[0023] FIG. 1 is a cross-sectional side view of an embodi-
ment of a mobile printer 10 having a housing 12. It should
be noted that the shape and size of the housing 12 may differ
based on the specific design. Consequently, center of mass
calculations are affected by the characteristics of the housing
12. As described herein for the purpose of determining the
amount of the remaining consumable resource, the center of
mass measurements may be conducted for each particular
design of the housing 12 or other various housings.

[0024] The mobile printer 10 is illustrated in a condition
when print media 14 within the housing 12 of the mobile
printer 10 is full. In addition to the print media 14, one or
more batteries 16, a motor and printing mechanism 18, and
a media level detection module 20 are contained within the
housing 12 of the mobile printer 10.

[0025] The media level detection module 20 may include
a microelectromechanical system (MEMS) or other suitable
detecting elements for detecting center of mass. In some
embodiments, the media level detection module 20 may
further include or have access to memory for storing refer-
ence points corresponding to full and empty conditions of
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the consumable resource. For example, the MEMS or media
level detection module 20 may include an accelerometer
and/or a gyroscopic sensor. The media level detection mod-
ule 20 may also be configured for determining whether the
mobile printer 10 is in a horizontal orientation or a vertical
orientation. As illustrated in FIGS. 1 and 2, the mobile
printer 10 is oriented in a horizontal configuration, and in
FIGS. 3 and 4, the mobile printer 10 is shown as being
oriented in a vertical position, which may be a common
orientation when attached to a belt of a user.

[0026] The housing 12 and each of the internal compo-
nents of the mobile printer 10 naturally includes a certain
mass. It should be recognized, however, that the mass of
most of the components does not change significantly over
time. However, during use, the print media 14 is consumed
until the print media 14 eventually runs out and must be
replaced with a new roll. Therefore, the overall mass of the
mobile printer 10 gradually declines with use of the print
media 14.

[0027] The various masses of the different components of
the mobile printer 10 contribute to a point representing the
center of mass (or center of gravity) that may not necessarily
be consistent with the center of mass of the housing 12. For
instance, certain components, such as the print media 14 and
battery 16 may have a greater mass that contributes more
significantly to the overall center of mass of the mobile
printer 10 than other components of the mobile printer 10.
And, as mentioned above, the print media 14 is gradually
consumed, which consequently results in a shift of the center
of' mass of the mobile device 10 from one extreme point (i.e.,
when the print media 14 is “full”) to another extreme point
(i.e., when the print media 14 is “empty™).

[0028] As shown in FIG. 1, the print media 14 is in a full
state. The print media 14 is contained within an area of the
housing 12 by a peg 22 or shaft, pin, spool, or other means
for maintaining the print media 14 within the designated
area. An end of the print media 14 is led through an output
slot 24 in the housing 12.

[0029] During a manufacturing process, reference points
that serve to represent the locations of the center of mass
points in at least the two extreme conditions can be calcu-
lated. The first extreme condition is the full condition when
the print media is completely full. For example, using the
media level detection module 20, the center of mass of the
mobile printer 10 can be calculated to determine the “full”
point 26. As an example, the center of mass may be
determined to be at the point 26, which is shown slightly off
center of the geometrical center of the housing 12. The
contribution of the mass of the print media 14 may shift the
center of mass of the housing 12 and its contents in the
direction of the print media 14.

[0030] FIG. 2 is a cross-sectional side view showing an
embodiment of the mobile printer 10 of FIG. 1 when the
print media 14 is empty. When the print media 14 is
completely consumed, the empty spool 22 or other various
media distribution elements may be left. During manufac-
ture, the media level detection module 20 may be used to
obtain a center of mass measurement at a time when the print
media 14 is absent. In this example, it may be determined
that the center of mass of the mobile printer 10 has been
shifted to a final point 28. Without the presence of the print
media 14, the contributions of the battery 16 and motor and
printing mechanism 18 to the overall mass may provide a
center of mass more closely located near these components.
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Again, this final center of mass point 26 may be slightly off
center from the geographical center of the housing 12.
[0031] Theoretically, the center of mass point changes
from the initial point 26 to the final point 28 in a linear
manner. However, in some circumstances, the change in the
center of mass may follow a non-linear, curved path. Also,
the amount of change of the center of mass per unit of print
media consumed may increase or decrease based on various
factors and/or unknowns in the device.

[0032] FIG. 3 is a cross-sectional side view showing an
embodiment of the mobile printer 10 arranged in a vertical
orientation when the print media is full. FIG. 4 is a cross-
sectional side view showing an embodiment of the mobile
printer of FIG. 3 when the print media is empty. In the
embodiment of FIGS. 3 and 4, however, the mobile printer
10 may further include a belt clip 32, which may be
configured to be attached to a belt worn by the user of the
mobile printer 10.

[0033] When positioned in the vertical orientation, the
mobile printer 10 may include a first reference point 34
related to the center of mass of the mobile printer 10 when
the print media 14 is full. Also, the mobile printer 10 may
include a second reference point 36 related to the center of
mass of the mobile printer 10 when the print media 14 is
empty.

[0034] As mentioned above, the print media 14 is confined
by the peg 22. Although the peg 22 may be configured to
substantially maintain the print media 14 in the designated
area within the housing 12, the effect of gravity may slightly
alter the center of mass readings. Therefore, during manu-
facture, the reference points for indicating the positions of
the center of mass at the extreme conditions of the print
media 14 can be calculated when the mobile printer 10 is
also configured in the vertical position. Another component
that may slightly alter the center of mass readings is the belt
clip 32.

[0035] For these reasons, it may be advantageous to deter-
mine at least four center of mass points for each specific
mobile printer design. The first center of mass point 26 may
be calculated to represent the condition when the print media
14 is full and the mobile printer 10 is oriented horizontally
(FIG. 1). The second center of mass point 28 may be
calculated to represent the condition when the print media
14 is empty and the mobile printer 10 is oriented horizon-
tally (FIG. 2). The third center of mass point 34 may be
calculated to represent the condition when the print media
14 is full and the mobile printer 10 is oriented vertically
(FIG. 3). And the fourth center of mass point 36 may be
calculated to represent the condition when the print media
14 is empty and the mobile printer 10 is oriented vertically
(FIG. 4). Again, these points may be calculated before the
mobile printer 10 is put into use, such as during a time when
the mobile printer 10 is being manufactured or during a
calibration process.

[0036] When the mobile printer 10 is put into use, the
media level detection module 20 may be configured to
determine the center of mass of the mobile printer 10. The
media level detection module 20 may also detect the orien-
tation of the mobile printer 10. Based on these factors, the
media level detection module 20 can compare the current
center of mass point with the pre-stored reference points
(i.e., 26, 28, 34, 36). By comparing with these and/or other
additional reference points, the media level detection mod-
ule 20 can estimate how much of the print media 14 remains.
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In some embodiments, the media level detection module 20
can provide an indication to the user when the print media
14 drops below a certain threshold.

[0037] According to some embodiments, the media level
detection module 20 may alternatively be installed in the
housing of another type of device that contains a consum-
able resource other than print media. For example, some
devices may use various types of consumable resources,
such as paper, labels, solid or liquid fuels, ammunition, or
other resources that when used will essentially alter the
center of mass of the respective device. The respective
housing of the various devices may include chambers, tanks,
or other designated areas where the consumable resource is
stored. Throughout the use of the device, the consumable
resource is consumed. As the consumable resource is con-
sumed, the overall mass of that resource will naturally
decrease from an initial mass representing a full condition to
a final mass representing an empty condition.

[0038] According to some embodiments, the mobile
printer 10 may include various types of components for
indicating a remaining amount of the print media 14 and/or
for indicating when the amount of the print media 14 falls
below certain thresholds. In some embodiments, a graduated
gauge may be used for indicating an amount of print media
14 remaining in the mobile printer 10. The media level
detection module 20 may utilize a processing device, such as
a microprocessor, for comparing a current center of mass
measurement with pre-stored reference points. For example,
if a center of mass measurement is determined to be halfway
between full and empty conditions, the processing device
may be configured to conclude that the consumable resource
is about half full.

[0039] According to various embodiments, the center of
mass calculations may be used to indicate fractions or
percentages of the remaining resource. For example, if the
center of mass is calculated as being 74ths of the distance
from a “full” center of mass location (e.g., point 26) to an
“empty” center of mass location (e.g., point 28), then the
processing device may determine that the consumable
resource is approximately Y&ths full. If it is determined that
the consumable resource drops below a certain threshold
(e.g., below % full, below 10%, below 5%, etc.), then an
alert indication can be provided to the user. The alert
indication may include, for example, the illumination of a
light emitting diode (LED) or other visual indicator, an audio
output, a display message on a user screen, and/or other
various types of indications. In some embodiments, a wire-
less signal may be transmitted from the mobile printer 10 to
a remote device or server to provide an indication of the
amount of print media remaining.

[0040] For example, some indications may include a first
LED that is illuminated to show that the consumable
resource is below a certain threshold. The LED, for example,
may be a specific color, such as yellow. Additionally, another
LED may be used to indicate a more urgent condition, such
as when the consumable resource drops below an even lower
threshold. This second LED, for example, may be another
color, such as red.

[0041] In other embodiments, an indication device may be
used to show a more gradual decrease in the amount of
consumable resource remaining. For instance, a graduated
gauge may be used. A needle or other marking or indicating
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device (mechanical and/or electrical) may be used for indi-
cating an amount ranging from “E” to “F” or from 0% to
100%.

[0042] It should be noted that the use of an accelerometer
and/or gyroscopic sensor may require that the mobile printer
10 be in motion, at least around the time that the measure-
ments are made. Otherwise, the media level detection mod-
ule 20 may not be able to calculate parameters that rely on
a mechanical force (e.g., gravitational force).

[0043] FIG. 5 is a cross-sectional side view showing a
portion of a second mobile printer 38 arranged in a hori-
zontal orientation. The second mobile printer 38 may
include many of the same features as described with respect
to FIGS. 1-4. However, instead of containing the peg 22
shown in FIGS. 1-4, the second mobile printer 38 includes
a cylindrical compartment 40. The cylindrical compartment
40 is configured to contain the print media 42, which in this
embodiment does not necessarily include a center spool
around which the media is wrapped.

[0044] Without means for centering the print media 42
within the cylindrical compartment 40, the print media 42
may be allowed to move freely within the cylindrical
compartment 40. It should be noted that as the print media
42 is consumed, the center of mass of the print media 42 will
also shift within the cylindrical compartment 40, particularly
based on the orientation of the mobile device 38. FIG. 5
shows a condition when the print media 42 is between full
and empty. Because of gravity, when the mobile printer 38
is oriented in the horizontal orientation as shown in FIG. 5,
the print media 42 will settle on the bottom, thereby adjust-
ing the center of mass of the mobile printer 38 downward.
[0045] FIG. 6 is a cross-sectional side view of the portion
of the second mobile printer 38 of FIG. 5 arranged in a
vertical orientation. The print media 42 again is shown in a
state between full and empty. As the print media 42 is
consumed, the center of mass calculations for the mobile
printer 38 will be slightly different from those calculations
made when the mobile printer 38 is oriented horizontally.
The difference between the center of mass calculations from
the horizontal orientation (FIG. 5) to the vertical orientation
(FIG. 6) may be due to the positioning of the print media 42
within the cylindrical compartment 40.

[0046] As mentioned above with respect to FIGS. 1-4,
initial readings can be conducted before the mobile printer
38 is put into use. These initial readings can be used to
establish reference points that later readings can be com-
pared to. Also, the initial measurements can be conducted
and then stored for a mobile printer positioned both in a
horizontal orientation and a vertical orientation. Then, dur-
ing use, the media level detection module 20 (not shown in
FIGS. 5 and 6) may be configured to determine the current
center of mass and compare this measurement to the refer-
ence points to estimate the remaining amount of print media
42.

[0047] FIG. 7 is a cross-sectional side view of a portion of
athird mobile printer 44 arranged in a horizontal orientation.
The third mobile printer 44 includes a post 46 around which
the print media 48 can rotate. In this embodiment, print
media 48 includes an inner tube 50 that fits around the post
46. The inner tube 50 in this embodiment may have an inner
diameter that is larger than the outer diameter of the post 46,
thereby allowing the print media 48 to rotate freely. In FIG.
7, the print media 48 is shown when it is between a
completely full condition and a completely empty condition.
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[0048] FIG. 8 schematically depicts a cross-sectional side
view of the portion of the third mobile printer 44 of FIG. 7
arranged in a vertical orientation. Because of the way gravity
acts on the print media 48 when the mobile printer 44 is
oriented in the horizontal orientation (FIG. 7) and in the
vertical orientation (FIG. 8), the center of mass measure-
ments will differ slightly. Therefore, initial reference points
may be obtained when the mobile printer 44 is oriented
horizontally and vertically. Then, based on center of mass
calculations during use of the mobile device 44 and based on
the calculated orientation, a current center of mass point can
be compared with the reference points to estimate the
remaining amount of print media 48.

[0049] FIG. 9 is a flow diagram showing an embodiment
of'a method 54 for establishing a correlation between center
of mass points and full and empty conditions of the print
media. For example, the method 54 may be conducted
during a manufacturing process or a calibration or recali-
bration process after the mobile printer has been constructed.
Therefore, the method 54 may be executed before the mobile
printer is put into use.

[0050] It should be noted that the method 54 of FIG. 9 may
represent the correlation of center of mass points with
remaining amounts when a mobile printer is oriented in one
particular manner (e.g., horizontally). The method 54 may
also be repeated for determining additional correlations
when the mobile printer is in a different orientation (e.g.,
vertically).

[0051] Method 54 includes a first step of calculating the
center of mass of the mobile printer with no print media
included, as indicated in block 56. This center of mass point
is correlated with a condition of the print media being
“empty,” as indicated in block 58.

[0052] The method 54 also includes a step of properly
loading a full amount (e.g., full roll) of the print media into
the mobile printer, as indicated in block 60. In some embodi-
ments, the method 54 may alternatively include adding a
weight other than an actual roll of print media to the interior
of the mobile printer. For example, the weight may be
configured to mimic the size, mass, and weight distribution
of an actual full roll of print media.

[0053] With a full amount of print media (or substitute
weight), the method 54 includes the step of calculating,
according to block 62, the center of mass of the mobile
printer a second time. Also, the method 54 includes corre-
lating the calculated center of mass of the full mobile printer
with a print media condition of “full,” as indicated in block
64.

[0054] In addition, the method 54 includes storing the
center of mass readings (i.e., obtained in blocks 56 and 62)
and the corresponding print media conditions (i.e., obtained
in blocks 58 and 64). The center of mass and corresponding
media conditions can be stored in memory, which may
preferably be contained within the housing of the mobile
printer.

[0055] In some embodiments, the method 54 may also
include calculating one or more additional center of mass
points corresponding to conditions in which the print media
may be in state between a full amount and an empty amount.
By establishing additional points, the mobile printer, during
use, may be configured to more easily indicate multiple
threshold levels that may fall between the two extremes of
full and empty.
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[0056] The method 54 may also include steps to account
for differences in various types of print media that may be
installed in the printer 10, 38, 44. For example, print media
types may differ with respect to mass or density. If this is the
case, the center of mass calculations can be made for each
type of media. Then, the user can inform the printer what
type of media is installed and the parameters for that type of
media can be used for correlating center of mass with
remaining print media. Therefore, the steps related to blocks
60, 62, and 64 may include repeating the processes of
determining center of mass when full for each type of print
media that may be installed in the printer.

[0057] FIG. 10 is a flow diagram illustrating an embodi-
ment of a method 70 for indicating when print media needs
to be replaced during operation of a mobile printer. The
method 70 relies on the pre-established reference points
calculated in the method 54 of FIG. 9.

[0058] The method 70 includes a first decision block 72,
which determines when certain conditions are met for moni-
toring the print media. The print media may be monitored at
certain predetermined times or under certain conditions. For
example, the print media may be monitored when the mobile
printer is first powered on, booted up, or when a user closes
the media door. Or the print media may be monitored after
a certain number of print jobs have been done. In some
cases, the print media may be monitored periodically (e.g.,
once every one-, five-, ten-minute interval or other suitable
time periods). Block 72 may also include determining what
type of print media has been installed in the printer

[0059] Also, decision block 72 may include determining
the angular orientation of the mobile printer to determine
which set of algorithms and/or reference points to use to
monitor the print media. For instance, method 70 may need
to compare current calculations with certain reference points
that were specifically obtained when the mobile printer was
oriented in a horizontal manner or specifically obtained
when the mobile printer was oriented in a vertical manner.
[0060] It should be noted that, during use, a user of the
mobile printer 10 may position the mobile printer 10 at any
angle, not just a zero degree horizontal configuration and a
90 degree vertical configuration. Hence, the gyroscopic
sensor may be configured to detect any orientation angle.
Also, the processing device may be configured to use
interpolation or other suitable algorithm if an angle falls
between angles at which the initial reference points were
obtained. Then, an intermediate reference point (between
reference point 26 shown in FIG. 1 and reference point 34
shown in FIG. 3) may be used for monitoring the amount of
print media remaining. Therefore, the present invention may
use a suitable combination of reference points to monitor the
print media.

[0061] Furthermore, it should be noted that the mobile
printer 10 may be tilted in more than just a pitching angle as
illustrated. Instead, the mobile printer 10 may be oriented at
any angle with reference to three dimensions. Therefore, the
gyroscopic sensor of the present invention may be config-
ured to calculate pitch, roll, and yaw angles of the mobile
printer 10. Therefore, the original detection of reference
points as described herein may include detection of various
print media amounts at multiple sets of angles in three
dimensions.

[0062] In order for the gyroscopic sensor to operate prop-
erly, the mobile printer 10 should be in motion at least for
a certain amount of time before the mobile printer 10 is
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configured to print. Therefore, the media level detection
module 20 can detect the pitch, roll, and yaw angles, which
can be used for detecting the proper reference points or for
calculating (e.g., interpolating) intermediate reference
points derived from predetermined reference points.

[0063] When it is determined in decision block 72 that the
print media is to be monitored, the method 70 proceeds to
block 74, which indicates that the center of mass of the
mobile printer is calculated. As indicated in block 76, the
method 70 includes converting the center of mass reading
into a state of remaining print media. For example, the center
of mass reading may be compared with the two extreme
points obtained with respect to a full state and an empty
state. Additionally, if multiple intermediate points are deter-
mined in the method 54 of FIG. 9, the center of mass reading
may be compared with and/or interpolated with the extreme
points and/or intermediate points to determine the remaining
amount of the print media. The conversion of center of mass
into remaining media amount may be based on the type of
print media that is installed in the printer to thereby account
for differences in the various masses or densities of different
print media that could be used.

[0064] The method 70 includes the decision block 78,
which determines whether the print media is empty. If
empty, the method 70 proceeds to block 80, which indicates
that the user is alerted that the print media needs to be loaded
into the mobile printer. The method then includes the step of
waiting for the print media to be loaded, as indicated in
block 82. In some embodiments, waiting for the print media
to be loaded may include waiting for the media cover to be
opened to allow the print media to be loaded and waiting for
the media cover to be closed. The method 70 then returns
back to decision block 72 in order that it can be determined
whether the print media is to be monitored again.

[0065] Ifitis determined in decision block 78 that the print
media is not empty, then the method 70 proceeds to decision
block 84, which determines if the print media is low. A low
print media state may be determined based on threshold
comparisons, which may be part of the step of block 76. If
the print media is not low, the method loops back to decision
block 72. However, if the media is low, the method proceeds
to block 86, which indicates that the user is alerted that the
print media is low. The alert may include a visual and/or
audible indication for communicating the state of print
media.

[0066] The step of block 86 may include providing an
estimation of the level of print media remaining. For
example, one indication may include an alert that the print
media is below a certain percentage of full (e.g., below 5%)
or may include an alert that the print media can conduct an
estimated number of print jobs before running out (e.g., “less
than 10 labels remaining” or other indication). In some
embodiments, several levels may be detected in a similar
manner as diamond 84 and several corresponding alerts can
be provided to the user in a similar manner as block 86.
[0067] To supplement the present disclosure, this applica-
tion incorporates entirely by reference the following com-
monly assigned patents, patent application publications, and
patent applications:

U.S. Pat. Nos. 6,832,725; 7,128,266;

7,159,783, 7,413,127,

7,726,575, 8,294,969;

8,317,105, 8,322,622,

8,366,005, 8,371,507,
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8,376,233; 8,381,979; 8,880,426; 8,881,983;
8,390,909; 8,408,464; 8,881,987; 8,903,172;
8,408,468; 8,408,469; 8,908,995; 8,910,870;
8,424,768; 8,448,863; 8,910,875; 8,914,290;
8,457,013; 8,459,557; 8,914,788; 8,915,439;
8,469,272; 8,474,712; 8,915,444; 8,916,789;
8,479,992; 8,490,877; 8,918,250; 8,918,564;
8,517,271; 8,523,076; 8,925,818; 8,939,374;
8,528,818; 8,544,737; 8,942,480; 8,944,313;
8,548,242; 8,548,420; 8,944,327; 8,944,332;
8,550,335; 8,550,354; 8,950,678; 8,967,468;
8,550,357; 8,556,174; 8,971,346; 8,976,030;
8,556,176; 8,556,177; 8,976,368; 8,978,981;
8,559,767 8,599,957; 8,978,983; 8,978,984;
8,561,895; 8,561,903; 8,985,456; 8,985,457;
8,561,905; 8,565,107; 8,985,459; 8,985.461;
8,571,307; 8,579,200; 8,988,578; 8,988,590;
8,583,924; 8,584,945; 8,991,704; 8,996,194;
8,587,595; 8,587,697; 8,996,384; 9,002,641;
8,588,869; 8,590,789; 9,007,368; 9,010,641;
8,596,539; 8,596,542; 9,015,513; 9,016,576;
8,596,543; 8,599.271; 9,022,288; 9,030,964;
8,599,957; 8,600,158; 9,033,240; 9,033,242;
8,600,167; 8,602,309; 9,036,054; 9,037,344;
8,608,053; 8,608,071; 9,038,911; 9,038,915;
8,611,309; 8,615,487; 9,047,098; 9,047,359;
8,616,454; 8,621,123; 9,047,420; 9,047,525;
8,622,303; 8,628,013; 9,047,531; 9,053,055;
8,628,015; 8,628,016; 9,053,378; 9,053,380;
8,629,926; 8,630,491; 9,058,526; 9,064,165;
8,635,309; 8,636,200; 9,064,165; 9,064,167;
8,636,212; 8,636,215; 9,064,168; 9,064,254;
8,636,224; 8,638,806; 9,066,032; 9,070,032;
8,640,958; 8,640,960; 9,076,459; 9,079,423;
8,643,717 8,646,692; 9,080,856; 9,082,023;
8,646,694; 8,657,200; 9,082,031; 9,084,032;
8,659,397, 8,668,149; 9,087,250; 9,092,681;
8,678,285; 8,678,286; 9,092,682; 9,092,683;
8,682,077 8,687,282; 9,003,141; 9,098,763;
8,692,927 8,695,880; 9,104,929; 9,104,934;
8,698,949; 8,717,494; 9,107,484; 9,111,159,
8,717,494; 8,720,783; 9,111,166; 9,135,483,
8,723,804; 8,723,904; 9,137,009; 9,141,839;
8,727,223; 8,740,082; 9,147,096; 9,148,474;
8,740,085; 8,746,563; 9,158,000; 9,158,340;
8,750,445; 8,752.766; 9,158,953; 9,159,059;
8,756,059; 8,757.495; 9,165,174; 9,171,543;
8,760,563; 8,763,909; 9,183,425; 9,189,669;
8,777,108; 8,777,109; 9,195,844; 9,202,458;
8,779,898; 8,781,520; 9,208,366; 9,208,367;
8,783,573; 8,789.757; 9,219,836; 9,224,024;
8,789,758; 8,789,759; 9,224,027; 9,230,140;
8,794,520; 8,794,522; 9,235,553; 9,239,950;
8,794,525; 8,794,526; 9,245,492 9,248,640;
8,798,367 8,807.431; 9,250,652; 9,250,712;
8,807,432; 8,820,630; 9,251,411; 9,258,033;
8,822,848; 8,824,692; 9,262,633; 9,262,660;
8,824,696; 8,842,849; 9,262,662; 9,269,036;
8,844,822; 8,844,823; 9,270,782; 9,274,812;
8,849,019; 8,851,383; 9,275,388; 9,277.668;
8,854,633; 8,866,963; 9,280,693; 9,286,496;
8,868,421; 8,868,519; 9,298,964 9,301,427;
8,868,802; 8,868,803; 9,313,377; 9,317,037;

8,870,074; 8,879,639; 9,319,548; 9,342,723;
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9,361,882; 9,365,381, International Publication No. 2013/163789;
9,373,018; 9,375,945 U.S. Patent Application Publication No. 2008/0185432;
9,378,403, 9,383,848, o o
0.384.374: 9,390.304; U.S. Patent Application Publication No. 2009/0134221;
9,390,596, 9,411,386, U.S. Patent Application Publication No. 2010/0177080;
9,412,242; 9,418,269; U.S. Patent Application Publication No. 2010/0177076;
9,418,270, 9,465,967,

U.S. Patent Application Publication No. 2010/0177707;
9,423,318, 9,424,454,
9,436,860; 9,443,123; U.S. Patent Application Publication No. 2010/0177749;
9,443,222; 9,454,689; U.S. Patent Application Publication No. 2010/0265880;
9,464,885; 9,465,967,

U.S. Patent Application Publication No. 2011/0202554;
9,478,983, 9,481,186;
9.487,113; 9,488,986; U.S. Patent Application Publication No. 2012/0111946;
9,489,782; 9,490,540; U.S. Patent Application Publication No. 2012/0168511;

9.491,729; 9,497,092,
9,507,974, 9,519,814,
9,521,331, 9,530,038,
9,572,901, 9,558,386; U.S. Patent Application Publication No. 2012/0194692;
9.606,581; 9,646,189;
9.646,191; 9,652,648,
9,652,653; 9,656,487,
9,659,198; 9,680,282; U.S. Patent Application Publication No. 2012/0228382;
9,697,401, 9,701,140, US.
U.S. Design Pat. No. D702,237;

U.S. Design Pat. No. D716,285;
U.S. Design Pat. No. D723,560; U.S. Patent Application Publication No. 2013/0082104;

U.S. Patent Application Publication No. 2012/0168512;

U.S. Patent Application Publication No. 2012/0193423;

U.S. Patent Application Publication No. 2012/0203647;

U.S. Patent Application Publication No. 2012/0223141;

Patent Application Publication No. 2012/0248188;

U.S. Patent Application Publication No. 2013/0043312;

U.S. Design Pat. No. D730,357; U.S. Patent Application Publication No. 2013/0175341;
U.S. Design Pat. No. D730,901;
U.S. Design Pat. No. D730,902;
U.S. Design Pat. No. D734,339;
U.S. Design Pat. No. D737,321; U.S. Patent Application Publication No. 2013/0257759;
U.S. Design Pat. No. D754,205;
U.S. Design Pat. No. D754,206;

U.S. Design Pat. No. D757,009;
U.S. Design Pat. No. D760,719; U.S. Patent Application Publication No. 2013/0292477,

U.S. Patent Application Publication No. 2013/0175343;

U.S. Patent Application Publication No. 2013/0257744;

U.S. Patent Application Publication No. 2013/0270346;

U.S. Patent Application Publication No. 2013/0292475;

U.S. Design Pat. No. D762,604; U.S. Patent Application Publication No. 2013/0293539;
U.S. Design Pat. No. D766,244;

U.S. Design Pat. No. D777,166;
U.S. Design Pat. No. D771,631; U.S. Patent Application Publication No. 2013/0306728;

U.S. Patent Application Publication No. 2013/0293540;

U.S. Design Pat. No. D783,601; U.S. Patent Application Publication No. 2013/0306731;
U.S. Design Pat. No. D785,617;
U.S. Design Pat. No. D785,636;
U.S. Design Pat. No. D790,505;
U.S. Design Pat. No. D790,546; U.S. Patent Application Publication No. 2013/0313324;

U.S. Patent Application Publication No. 2013/0307964;

U.S. Patent Application Publication No. 2013/0308625;
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In the specification and/or figures, typical embodi-

ments of the invention have been disclosed. The present
invention is not limited to such exemplary embodiments.
The use of the term “and/or” includes any and all combi-
nations of one or more of the associated listed items. The
figures are schematic representations and so are not neces-
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sarily drawn to scale. Unless otherwise noted, specific terms
have been used in a generic and descriptive sense and not for
purposes of limitation.

1. A method comprising the steps of:

detecting, by a media level detection module within a
housing of a mobile printer, the center of mass of the
mobile printer based on a first signal from a sensor, the
mobile printer comprising print media; and

determining, by the media level detection module, a
remaining print media level based on comparing the
first sensor signal indicating a first center of mass to a
second sensor signal indicating a second center of mass
associated with empty print media level and a third
sensor signal indicating a third center of mass associ-
ated with a full print media level.

2. The method of claim 1, further comprising the step of
determining, by the media level detection module, consump-
tion of the print media based on a change of the center of
mass of the mobile printer, wherein the change of center of
mass of the mobile printer results from a redistribution of
weight of the mobile printer due to consumption of the print
media.

3. The method of claim 2, further comprising the step of
determining, by the media level detection module, the
change in the center of mass of the mobile printer from a first
point to a second point, wherein the first point corresponds
to a condition in which the mobile printer contains a
maximum amount of print media and the second point
corresponds to a condition in which the mobile printer
contains a minimum amount of print media.

4. The method of claim 1, further comprising the step of
detecting, by a gyroscope and/or an accelerometer housed
within the mobile printer, the center of mass of the mobile
printer.

5. The method of claim 4, further comprising the step of
determining, by the gyroscope and/or the accelerometer, an
orientation of the mobile printer.

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

detecting, by the media level detection module, an orien-
tation of the mobile printer; and

determining, by the media level detection module, the
remaining print media level based on the detected
center of mass and the orientation.

7. The method of claim 1, further comprising the step of
providing, by the media level detection module, an indica-
tion of the remaining print media level.

8. The method of claim 7, further comprising the step of
providing, by the media level detection module, a warning
if the remaining print media level falls below a predeter-
mined threshold.

9. A printer comprising:

a housing;

a printing mechanism mounted within the housing, the
printing mechanism configured to print onto a print
media; and

a media level detection module mounted within the hous-
ing, the media level detection module configured to:
detect the center of mass of the printer based on a first

signal from a sensor; and
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determine a remaining print media level by comparing
the first sensor signal indicating a first center of mass
to a second sensor signal indicating a second center
of mass associated with empty print media level and
a third sensor signal indicating a third center of mass
associated with a full print media level.

10. The printer of claim 9, wherein the media level
detection module is further configured to determine con-
sumption of the print media based on a change of center of
mass of the printer resulting from a redistribution of weight
of the mobile printer based on consumption of the print
media.

11. The printer of claim 10, wherein the media level
detection module is further configured to determine the
change in the center of mass of the printer from a first point
to a second point, wherein the first point corresponds to a
condition in which the printer contains a maximum amount
of print media and the second point corresponds to a
condition in which the printer contains a minimum amount
of print media.

12. The printer of claim 9, wherein the media level
detection module comprises a gyroscope and/or an acceler-
ometer.

13. The printer of claim 12, wherein the gyroscope and/or
accelerometer are configured to determine an orientation of
the printer, and wherein the media level detection module is
configured to determine the remaining print media level
based on the detected center of mass and the orientation.

14. The printer of claim 9, wherein the printer is a mobile
printer.

15. The printer of claim 9, further comprising an interface
configured to provide an indication of the remaining print
media level.

16. The printer of claim 9, wherein the center of mass of
the print media is offset from the center of mass of the
printer.

17. A device configured to use a consumable resource, the
device comprising:

a housing that includes a containment area where the

consumable resource is to be stored; and

a detection module configured to:

detect the center of mass of the device based on a first
signal from a sensor; and

determine a remaining level of the consumable
resource by comparing the first sensor signal indi-
cating a first center of mass to a second sensor signal
indicating a second center of mass associated with
empty consumable resource level and a third sensor
signal indicating a third center of mass associated
with a full consumable resource level.

18. The device of claim 17, wherein the first sensor
comprises a gyroscope and/or an accelerometer configured
to detect the center of mass of the device.

19. The device of claim 18, wherein the gyroscope and/or
accelerometer are configured to detect an orientation of the
device and determine the remaining level based on the
detected center of mass and the orientation.

20. The device of claim 17, wherein the device is a mobile
printer and the consumable resource is paper or labels.
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