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(57) Abrégé/Abstract:
A system and method detect when a product container from which a product is dispensed is empty or nearly empty, and provides a
notification of the product status. The system includes a load cell that deflects at a first rate of distance per unit load when a load
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(57) Abrégé(suite)/Abstract(continued):

less than a critical load is positioned to be weighed by the load cell, and a load cell bracket positioned such that the free end of the
load cell contacts the load cell bracket when a load substantially equal to or greater than the critical load is positioned to be weighed
by the load cell. The load cell bracket may prevent the load cell from further deflection, or it may permit deflection of the load cell at a
second rate of distance per unit load when the load cell is in contact with the load cell bracket. The system may generate an out- of
-product notification when the amount of product dispensed is substantially equal to zero, a low product notification when the
amount of the product remaining is less than a threshold weight or a proof-of-delivery notification.
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FIG. 2

(57) Abstract: A system and method detect

L~ when a product container from which a product is
/ dispensed is empty or nearly empty, and provides
- a notification of the product status. The system

includes a load cell that deflects at a first rate of
distance per unit load when a load less than a critical
load is positioned to be weighed by the load cell,
and a load cell bracket positioned such that the free
end of the load cell contacts the load cell bracket
when a load substantially equal to or greater than
the critical load is positioned to be weighed by
the load cell. The load cell bracket may prevent
the load cell from further deflection, or it may
permit deflection of the load cell at a second rate
of distance per unit load when the load cell is in
contact with the load cell bracket. The system may
generate an out- of -product notification when the
amount of product dispensed is substantially equal
to zero, a low product notification when the amount
of the product remaining is less than a threshold
weight or a proof-of-delivery notification.
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LOW AND EMPTY PRODUCT DETECTION USING LOAD CELL
AND LOAD CELL BRACKET

TECHNICAL FIELD
[0001] The present disclosure is directed to systems and methods for detecting when a

product container is empty or nearly empty.

BACKGROUND

[0002] Product dispensers may be used to dispense a wide variety of products. In one
example, cleaning chemicals, in the form of solutions, powders, solids or pastes are
dispensed out of product containers to be used for cleaning a wide variety of objects,
such as laundry or dishes. In many industrial or commercial applications, product
dispensers are housed in locations away from employees, making monitoring the
amount of chemical remaining in the product dispenser difficult. Previous systems have
been designed to detect the amount of chemical remaining in a dispenser by means such
as inductance sensing, float switches, flow meters, optical refraction systems and

conductivity probes.

SUMMARY
[0003] In general, the invention is directed to a method for detecting when a product is
exhausted or nearly exhausted, and providing a notification of the product status to a
user. In one embodiment the invention is directed to a system comprising a load cell
having a fixed end and a free end, wherein the free end of the load cell deflects at a first
rate of distance per unit load when a load less than a critical load is positioned to be
weighed by the load cell, and a load cell bracket positioned such that the free end of the
load cell contacts the load cell bracket when a load substantially equal to or greater than
the critical load is positioned to be weighed by the load cell, wherein the load cell
deflects at a second rate of distance per unit load when the load cell is in contact with
the load cell bracket, the second rate of distance per unit load being less than the first

rate of distance per unit load. The load cell may generate product weight information
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associated with an amount of a product remaining in a product container. The system
may also include a controller that determines an amount of the product dispensed from
the product container during a dispensing cycle based on the product weight
information received from the load cell. The controller may also generate an out-of-
product notification when the determined amount of product dispensed is substantially
equal to zero. The controller may also determine the amount of product remaining in
the product container after a dispensing cycle based on the product weight information
received from the load cell. The controller may also generate a low product notification
when the determined amount of the product remaining is less than a threshold weight.
[0004] As another example, the invention is directed to a method comprising dispensing
a product from a product container during at least one dispensing cycle, determining
whether a product weight remaining in the product container after the at least one
dispensing cycle is less than a critical weight, entering an out-of-product mode when the
product weight is less than the critical weight and entering a proof of delivery mode
when the product weight is not less than a critical weight. The method may also include
generating a notification based on a determined amount of product dispensed during the
dispensing cycle. The method may also include generating a low product notification
when the determined amount of product dispensed is less than a low product threshold
amount. The method may also include generating an out-of-product notification when
the determined amount of product dispensed is substantially zero. The method may also
include generating a proof of delivery notification when the amount of product
dispensed during the at least one dispensing cycle satisfies a proof of delivery threshold.
[0005] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features and advantages of

the invention will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0006] FIG. 1 is a diagram illustrating an example of a load cell and a load cell bracket.
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[0007] FIG. 2 is a diagram illustrating another example of a load cell and load cell
bracket.

[0008] FIG. 3 is a chart illustrating weight data generated by a controller over several
dispensing cycles.

[0009] FIG. 4 is a chart illustrating dispensed readings vs. load cell readings over
several dispensing cycles.

[0010] FIG. 5 is a diagram illustrating a magnified view of an example load cell and
load cell bracket.

[0011] FIG. 6 is a diagram illustrating another example of a load cell and load cell
bracket.

[0012] FIG. 7 is a diagram illustrating a scale utilizing a load cell and load cell bracket.
[0013] FIG. 8 is a block diagram illustrating example electronics for use with a load
cell and load cell bracket.

[0014] FIG. 9 is a flowchart illustrating an example process by which a controller
monitors the supply of product in a container.

[0015] FIG. 10 is a flowchart illustrating another example process by which a controller

monitors the supply of product in a container.

DETAILED DESCRIPTION
[0016] The system of the present invention detects when a product container from
which a product is dispensed is empty or nearly empty, and provides a notification of
the product status. The system of the present invention includes a load cell and a load
cell bracket that enables weight measurements of product containers over a wide weight
range using a single load cell. The system allows loads greater than the critical load to
be positioned to be weighed by the load cell without damage to the load beam or the
strain gauge. The load cell deflects at a first rate of distance per unit load when a load
less than a critical load is positioned to be weighed by the load cell. The load cell
bracket is positioned such that the free end of the load cell contacts the load cell bracket
when a load substantially equal to or greater than a critical load is positioned to be

weighed by the load cell. The load cell bracket may prevent the load cell from further
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deflection, or it may permit deflection of the load cell at a second rate of distance per
unit load when the load cell is in contact with the load cell bracket. The system may
further generate an out-of-product notification when the amount of product dispensed is
substantially equal to zero, a low product notification when the amount of the product
remaining is less than a threshold weight or a proof-of-delivery notification.

[0017] Load cells have a measurement precision that is limited by their maximum load
capacity. For example, a load cell with a large maximum rated load may have low
precision for, and thus be unable to accurately weigh, very small loads. For low and
out-of-product alarms systems, it is desired to have highly precise measurements of the
remaining product as the product container approaches empty. If the weight of the full
product container is large, a load cell with a large capacity, and thus low precision, is
needed to prevent possible damage to the load cell. For example, many product
containers in institutional cleaning facilities contain multiple gallons, and thus multiple
kilograms, of liquid when full, whereas the desired measurement precision as the
product container nears exhaustion is on the gram scale. Therefore, a direct
measurement system utilizing a load cell(s) must be able to support a large load when
the product container is full and provide sufficient measurement precision as the
product container nears exhaustion to ensure accuracy of low or out-of-product
detection.

[0018] Additionally, in many industrial, institutional and commercial applications the
product dispensers are located in difficult-to-access locations. The cleaning product is
then transferred through pipes or tubes to the location of its use, for example by a
washing machine, dish machine or chemical product dispenser. In certain applications,
for example commercial dish machines, regulatory requirements may call for proof-of-
delivery of a sanitizing solution for health and safety reasons.

[0019] FIG. 1 shows an example embodiment of a system 10 that monitors the amount
of product remaining in a product container 15. The product may be any product that is
dispensed, such as beverages, liquid cleaning solutions, solid cleaning compositions,
paste cleaning compositions, powder cleaning compositions, chemical components of

any of these, and the like. The product may be dispensed by any suitable method, for
4
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example, erosion by a diluent, pumping, siphoning, and the like. The product may be
dispensed out of a tube 16 which delivers the product to the desired destination.

[0020] A load cell 12 determines the amount (e.g., the weight) of the product remaining
in the product container 15. Multiple load cells may also be used. A product holder 14
supports product container 15 which in turn is supported by a free end 121 of load cell
12. Load cell 12 includes a beam (indicated generally by reference numeral 12) that
deforms when a load is applied. Free end 121 of the beam deflects at a rated distance per
unit load. An electronic strain gauge (not shown) is typically bonded onto the load
beam. The strain gauge detects deformation of the load beam and generates
corresponding electrical signals which may then be used to determine the weight of the load.
[0021] Product holder 14 may be any suitable shape or size depending upon the product
container 15 to be supported. Product holder 14 is positioned to be supported by the
free end 121 of load cell 12, so that the weight of product holder 14 and any object,
such as a product container 15, supported by product holder 14 may be measured. In
the embodiment shown in FIG. 1, product holder 14 has a dish-like shape suitable for
supporting, for example, a pail or drum. Product holder 14 may also be substantially
flat, bowl-shaped, or other any other shape depending upon the product container to be
supported. In another embodiment, shown in FIG. 2, product holder 34 may be a hook
for attaching and supporting a bag or sack of product 35. In this embodiment, the bag
or sack of product 35 may hang from product holder 14. Although certain example
product holders are shown and described herein, it shall be understood that the
invention is not limited in this respect, and that the specific design of the product holder
may vary depending upon the product container to be supported.

[0022] Load cell 12 measures the combined weight of the product holder 14, product
container 15 and product inside the container 15. System 10 may be calibrated to take into
account the weight of the product holder 14 and empty product container 15 when determining
the amount (weight) of product remaining in the product container 15 or dispensed during a
dispensing cycle. Thus, for purposes of the present application, although for ease of discussion
the present application will refer to measuring the weight of the product remaining in product

container or the amount of product dispensed during a dispensing cycle, it shall be understood
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that the system may be calibrated in various ways to either zero out the weight of the product
holder 14 and empty product container 15 or to take these into account during processing when
determining the weight of the remaining product.

[0023] Referring again to FIG. 1, load cell 12 is attached to load cell bracket 11 at a
fixed end 122 by at least one load cell fastener 18. Load cell fastener 18 may be any
suitable fastener, including, without limitation, bolts, screws, metal or plastic ties,
adhesives, and the like.

[0024] When no load is applied to the load cell 12, a gap 13 separates the load cell 12
and the load cell bracket 11 at free end 121. A magnified view of gap 13, load cell 12
and load cell bracket 11 is shown and described herein with respect to FIG. 5. In one
example, gap 13 is sized such that it is substantially equal to the rated deflection 131 of
load cell 12 when the maximum rated load is applied. The rated deflection 131 of load
cell 12 is the distance free end 121 of load cell 12 deflects when subject to a load equal
to its maximum rated load. Gap 13 between load cell 12 and bracket 11 allows load cell
12 to deflect at its designed rate of distance per unit load when a load less than the
maximum rated load is placed on load cell 12.

[0025] The size of gap 13 may be chosen such that when a load substantially equal to a
predetermined critical load is placed on load cell 12, the free end 121 of load cell 12
contacts load cell bracket 11. The critical load may be chosen to be substantially equal
to the maximum rated load of load cell 12. However, the critical load may be chosen to
be either less than or more than the maximum rated load of load cell 12, and gap 13
sized accordingly, as described below.

[0026] Load cell bracket 11 is designed to prevent damage to load cell 12 from
excessive deflection when load cell 12 is subjected to loads greater than its maximum
rated load. For example, load cell bracket 11 may serve as a physical stop which
prevents load cell 12 from deflecting past the point at which damage could occur. In
this way, a single load cell 12 and load cell bracket 11 are able to measure a wide range
of product sizes. For example, if load cell 12 is rated for 5 kg, load cell bracket 11
prevents load cell 12 from deflecting beyond its maximum rated deflection when the

combined weight of the product, product container 15 and product holder 14 is above 5
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kg. Thus, a 10 kg, 25 kg, 50 kg or other product container 15 greater than 5 kg may be
placed on load cell 12 without damaging load cell 12. In this example, any time the
remaining product is above 5 kg, load cell 12 will measure the weight to be 5 kg due to
the physical stop and resulting limited deflection provided by load cell bracket 11.
Once the remaining weight of the product drops below 5 kg, load cell 12 lifts off load
cell bracket 11 and begins to accurately measure the weight of the remaining product.
In this way, system 10 will obtain accurate weight measurements when the amount of
product in product container falls below 5 kg and is therefore able to determine whether
product container 15 is running low on product or is out of product.

[0027] In another example, contact between load cell 12 and load cell bracket 11 may
function as a switch. For example, contact between load cell 12 and load cell bracket
11 may close the switch. This may occur when a product container 15 containing
sufficient product such that the weight of the product, product container 15 and product
holder 14 is greater than the critical load is placed on product holder 14. The switch
would then open when the weight of the product, product container 15 and product
holder 14 is less than a critical load, at which point load cell 12 ceases to contact load
cell bracket 11. The opening of the switch may initiate a weight measurement
algorithm.

[0028] In another example, load cell bracket 11 may permit further deflection of the
load cell 12 when a load greater than the critical load is placed on load cell 12. In other
words, the combined load cell 12 / bracket 11 that results when load cell 12 comes into
contact with load cell bracket 11 may further deflect. Depending on its rating, a load
cell 12 may deflect from 150% to up to 300% of its rated deflection without damaging
the load cell strain gauge. The maximum distance the load cell 12 is able to deflect
without damage is defined as its maximum deflection. FIG. 5 shows, for example, a
maximum deflection 132 that is approximately 150% of the rated deflection 131 of load
cell 12. In this example, the rate of deflection per unit load of the combined load cell12
/ bracket 11 may be less than the rate of deflection per unit load of load cell 12 alone.

In this way, load cell bracket 11 may serve to extend the range of weights that load cell
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12 may be subjected to without resulting in damage to the load beam or the load cell
strain gauge.

[0029] When bracket 11 allows for combined deflection of the load cell 12 and bracket
11, the output of load cell 12 may not accurately reflect the weight of the product when
load cell 12 is in contact with load cell bracket 11. Because the rate of deflection per
unit load may be less than when load cell 12 is supported by load cell bracket 11, the
deflection distance will no longer represent the same weight as when load cell 12 is not
in contact with load cell bracket 11. For example, a load cell 12 with a rated load of
5000 g may have a rated deflection of 0.040 inches, thus having a rate of deflection of
0.0000080 inches/gram. When a load of 5000 g is placed on load cell 12, it will deflect
0.040 inches. When a load of 2500 g is placed on load cell 12, load cell 12 will deflect
0.020 inches. However, when a load of 7500 g is placed on load cell 12, load cell 12
will contact load cell bracket 11, and the rate of deflection of the combined load cell
and load cell bracket will be less than the rate of load cell 12 alone, and the total
deflected distance of load cell 12 contacting load cell bracket 11 will be less than if load
cell 12 alone received a load of 7500 g. Thus, the load measured by load cell 12 may be
less than the true load of 7500 g.

[0030] FIG. 3 is a graph illustrating a relationship between measured weight and
number of dispense cycles for an example load cell and load cell bracket combination.
In this example, the measured weight of the product holder, product container and
product is measured and output after each dispensing cycle. The load cell system used
in this example has been designed with a critical load of 5000 g. Initially, a new
container is loaded and the load cell reads a value 20 corresponding to the weight of the
new container. The weight of the product holder, product container and product is
greater than the critical load of the load cell system, so the load cell contacts the load
cell bracket. This reduces the deflection rate experienced by the load cell. The
measured weight in this example may therefore not be the true weight of the product,
product container and product holder. When the load cell is contacting the load cell
bracket, the rate of deflection per unit load of the combined load cell and load cell

bracket is lower than the rate of deflection per unit load of the load cell alone.
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Therefore, in contact region 21, where the load cell is contacting the load cell bracket,
the measured weight is less than the actual weight of the product, product container and
product holder. Additionally, the measured weight lost per cycle is lower than the actual
weight lost. However, once the weight of the product, product container and product
holder drops below a critical weight, designated by reference numeral 22, the load cell
no longer contacts the load cell bracket and moves into non-contact region 23. In non-
contact region 23, the free end of the load cell no longer contacts the load cell bracket,
deflects as designed and accurately measures the weight of the product, product
container and product holder. During non-contact region 23, then, controller also
obtains an accurate measurement of the weight lost during a dispense cycle. Once the
supply of product in product container is substantially exhausted, designated by
reference numeral 25, the load cell senses no further weight change. At this point, the
system may generate an out-of-product notification.

[0031] Alternatively or in addition, a threshold 24 may be set below which the system
generates a low product notification. Threshold 24 may be any suitable threshold
weight below which it is desired to generate a low product notification. Additionally,
any suitable method of providing the low product notification may be used, such as
audible notifications, visual notifications, text messages, pages, e-mails and the like, as
described below in reference to FIG. 7.

[0032] FIG. 4 is a graph illustrating an example relationship between the calculated
dispensed measurement as determined by the system controller and the load cell reading
for the example load cell and load cell bracket combination shown in FIG. 3. In this
example, the load cell reading is shown on the abscissa, and the dispensed reading is
shown on the ordinate. Once again in this example, the load cell system’s critical load
is 5000 g. Initially, a new container is loaded and the load cell obtains a reading during
the first dispensing cycle, designated by reference numeral 20. In this example the
combined weight of the product, product container and product holder is greater than
the load cell system’s critical load, so the load cell deflects and contacts the load cell
bracket. Thus, the load cell reading at reference numeral 20 is less than the actual

weight of the product dispensed. Throughout contact region 21, dispensed weight
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measurements based on the load cell readings result are less than the actual dispensed
weight. Nonetheless, the load cell readings do indicate that some amount of product
was dispensed. At a critical load, designated by reference numeral 22, the load cell lifts
off of the load cell bracket and begins to operate in non-contact region 23. In non-
contact region 23, the load cell readings reflect the actual weight of the remaining
weight of the product, the product container and the product holder. The resulting
calculated dispensed weight reflects the actual weight of the amount of product
dispensed. When the product container is substantially empty of product, the product
fails to dispense and the load cell measures substantially no weight change as indicated
by region 25. The system controller may then generate an out-of-product alarm as
described above. A threshold 24 may also be set below which a low product
notification may be generated as described above.

[0033] To obtain the actual amount of product dispensed during the contact region, the
reduced rate of deflection experienced by load cell / bracket combination may be
calibrated. For example, the reduced rate of deflection experienced by load cell /
bracket combination may be determined by calibrating load cell 12 and load cell bracket
11 using a range of loads that are less than would cause load cell 12 and load cell
bracket 11 to deflect a distance that would damage load cell 12. The reduced reading of
load cell 12 when contacting load cell bracket 11 may then be corrected for and an
accurate measurement of the load may be obtained throughout the operable range of
load cell 12 and load cell bracket 11. However, it shall be understood that this may not
be necessary in all embodiments and that the invention is not limited in this respect.
[0034] In certain applications, accurate weight measurement may only be necessary
when the amount of product remaining in product container 15 is relatively small, i.e.,
when product container 15 is approaching empty. Thus, any inaccuracy of the load cell
12 measurement when load cell 12 is contacting load cell bracket 11 may not be of
concern. In these applications, the output of load cell 12 when it is contacting load cell
bracket 11 may be used to provide proof-of-delivery. That is, if load cell 12 measures

any change in the combined weight of the product, product container 15 and product
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holder 14 after a dispense request, the change may be used as proof that some amount
of product was dispensed from the product container.

[0035] Regardless of whether load cell bracket 11 prevents further deflection of load
cell 12, or reduces the rate of deflection of the load cell, the maximum load that may be
placed on load cell 12 without potential damage is increased. Additionally, in both
described cases, load cell 12 lifts off load cell bracket 11 when the load is less than a
critical load. Thus, load cell 12 maintains its accuracy and precision at loads less than
or equal to the critical load.

[0036] FIG. 6 is a schematic diagram of another embodiment of a load cell apparatus 50
which includes a load cell 12 and a load cell bracket 51, 60. Load cell 12 is connected
to load cell bracket 60 on one end, fixed end 122. Any suitable fastener may be used to
attach load cell 12 to load cell bracket 60, including, but not limited to, any fastener
described above with respect to FIG. 1. Free end 121 of load cell 12 is not anchored to
any support, but is free to deflect in response to an applied load. Load cell bracket 51 is
located beneath free end 121 of load cell 12. Gap 13 between the bottom of load cell 12
and load cell bracket 51 is preferably substantially equal to the critical load. When a
load above the critical load is placed on free end 121 of load cell 12, free end 121 of
load cell 12 contacts load cell bracket 51. As described above, load cell bracket 51 may
either prevent further deflection of load cell 12, or reduce the rate of deflection of load
cell 12.

[0037] The load cell apparatus shown in FIG. 6 may be utilized in a system such as the
system 70 pictured in FIG. 7. System 70 may be configured to rest on any suitable flat
surface, such as a floor, table and the like. System 70 includes a product holder 74.
Product holder 74 may optionally include grooves 81, 82 sized to receive product
containers (not shown) of different sizes. For example, a larger groove 82 may be sized
to receive 20 gallon buckets and a smaller groove 81 may be sized to receive 5 gallon
buckets. Load cell 12 and load cell bracket 11 are located within the housing of system
70. Free end 121 of load cell 12 supports product holder 74, such that the weight of a
product container placed on product holder 74 may be determined. When a product

container is placed on product holder 74, load cell 12 will deflect. If the combined
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weight of product holder 74 and the product container is more than the critical load,
load cell 12 will deflect such that it contacts load cell bracket 51. As described above,
load cell bracket 51 may either prevent further deflection of load cell 12, or reduce the
rate of deflection of load cell 12.

[0038] System 70 may also include one or more visible indicators 83 that display status
information for system 70. Visible indicators 83 may be any suitable illumination
source. One preferred illumination source is an LED. Visible indicators 83 may be
configured to indicate the status of one or more of several different parameters. As one
example, a flashing green LED may indicate the system is active, i.e. a product
container is staged on product holder 74. The green LED may further indicate that the
product container is filled with ample product such that the combined weight of the
product, product container and product holder 74 is causing load cell 12 to deflect and
contact load cell bracket 51.

[0039] In another example, another notification (such as a slowly flashing amber LED
or other notification, for example) may indicate system 70 is in a mode in which
product is staged and ready for a dispense request. The slowly flashing amber LED
may further indicate that the combined weight of the product, product container and
product holder 74 is such that load cell 12 is not in contact with load cell bracket 51. In
this example, the slowly flashing amber LED indicates that load cell 12 is operating in
its specified range.

[0040] In yet another example, a continuous amber light may indicate that the product
container is nearly empty. The continuous amber light may be initiated once the
combined weight of the product, product container and product holder 74 drops below a
threshold value. This threshold value may be the critical load, i.e., when load cell 12
lifts off of the load cell bracket 51. Alternatively, the threshold value may be another
value entered by a user, or a preset value above the zeroed weight of the product holder
and a substantially empty product container.

[0041] In yet another example, a flashing red LED may indicate that product failed to

dispense during a dispense request, and that the product is exhausted.
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[0042] System 70 also includes a cord 86 and plug 87 for connecting to a power source,
such as a wall outlet. Additionally, system 70 may include an outlet 85, which allows
more than one system 70 to be connected in series. When more than one system 70 is
connected in series, only one auditory notification may be generated if any of the
product containers are out-of-product. Visible indicators 83 may then be used to display
which individual system 70 is out-of-product.

[0043] System 70 may also include a switch 84, which may be used to toggle system 70
between providing low product notifications and out-of-product notifications, or both.
[0044] FIG.8 is a block diagram of the control electronics of system 10. FIG. 8
includes a load cell 12 connected to a controller 141 having an associated user interface
142, a memory 143 and display 144. Controller 141 includes a microprocessor and
other appropriate hardware and software to process the weight information received
from load cell 12. Memory 143 may store a digital data sheet that is programmed by
the load cell manufacturer. This data sheet may contain strain gauge calibration data as
well as strain gauge service information. The resident data sheet may be accessed by
controller 143 for automatic strain gauge configuration.

[0045] Controller 141 determines any of several parameters based on the weight
information received from the load cell 12. For example, controller 141 may determine
the amount or weight of the product remaining in the product container, the amount of
product dispensed during a dispensing cycle, whether the amount of product remaining
in the product container is above or below a predetermined threshold value, whether the
amount of product remaining in the product container satisfies a low product condition,
and/or whether the amount of product remaining in the product container satisfies an
out-of-product condition. Controller 141 may also determine if load cell 12 is in
contact with load cell bracket 11. Controller 141 may also initiate notifications to be
displayed on display 144, such as the visible indicators described above in reference to
FIG. 7, or may generate audible alarms or notifications, text messages, pages, e-mails,
or another appropriate method of notifying a user or technical service representative to a

low-product or out-of-product event.
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[0046] FIG. 9 is a flowchart illustrating a process 90 by which controller 141 processes
product weight information received from a load cell. In this example system, the load
cell bracket is designed such that the load cell / bracket combination continues to deflect
at a reduced rate when the load cell is in contact with the load cell bracket.

[0047] Initially, the system may optionally be zeroed (not shown). The zeroing may be
accomplished by weighing an empty product container and setting the controller to use
the weight of the empty product container and/or product holder as its reference point.
The zeroing may take place at the factory or after installation of the system at the site
where it will be used. In yet another alternative, the controller may self-calibrate. In
this alternative embodiment, after a product container is substantially empty of product
and the controller senses no weight change, the weight of the substantially empty
product container and/or product holder is used as the reference weight.

[0048] A product container containing product is loaded onto the product holder (91).
The load cell deflects an amount corresponding to the weight of the product container at
this time; any subsequent dispensing event will remove product from the product
container and lighten the load on the load cell. Controller 141 receives the current
product weight information from the load cell and compares it to the critical weight
(92). If the product weight is not less than the critical weight (92), the load cell will
deflect a sufficient distance to contact the load cell bracket. The system enters proof of
delivery mode (93). The system enters standby (94) and waits for a dispense request
(96).

[0049] Upon receipt of a dispense request (96), the system executes a dispense cycle
(98). After completion of the dispense cycle, controller 141 determines either (1) that
some amount of product was dispensed during the dispensing cycle based on the
product weight information received from the load cell; or (2) the actual amount of
product dispensed during the dispensing cycle (99). In the first example, the system is
able to confirm that product was dispensed but is not able to accurately determine the
actual amount of product dispensed. In the second example, the system may be
calibrated to map the reduced rate of deflection that occurs when the load cell is in

contact with the load beam with the actual weight of the remaining product.

14



CA 02703914 2010-04-27
WO 2009/074929 PCT/1IB2008/055107

[0050] To determine the amount of product dispensed (99), controller 141 receives the
current product weight information from the load cell after completion of the dispense
cycle and subtracts the corresponding current product weight from the previous product
weight. Although as described above these may not correspond to the actual weight of
product dispensed or to the current weight of the product remaining, any measured
weight loss will constitute proof of delivery in that weight lost from the product
container is evidence that product was dispensed. Controller 141 may then generate a
proof of delivery message (100). Controller 141 then compares the current product
weight with the critical weight (92). If the current weight is still greater than the critical
weight, controller 141 remains in proof of delivery mode as just described.

[0051] If, on the other hand, the current product weight is less than the critical weight
(92), the system enters low/out-of-product mode (101). As with proof of delivery mode,
in low/out-of-product mode, controller 141 enters standby (102) and waits for a
dispense request (104). Upon receipt of a dispense request (104), the controller initiates
a measurement program to determine the amount of product dispensed during the
dispensing cycle and the weight of the remaining product. The measurement program
may optionally be preceded by a programmable delay. The delay may range from 1 to
300 seconds. The length of the delay may depend on the amount of product to be
dispensed, the rate the product is dispensed and the like. This delay may also be
implemented in proof of delivery mode. After the optional programmable delay, the
measurement program commences and determines if any product was dispensed during
the dispense cycle (106).

[0052] If no weight was lost during the dispense cycle, the controller determines that no
product was dispensed and generates an out-of-product notification (112). The out-of-
product notification may be any suitable visual and/or auditory notification, alert or
alarm. The out-of-product notification may also be a text message displayed on an LCD
or other display on user interface 142 (shown in FIG §). The out-of-product notification
may also take the form of an e-mail, text message, cell phone or pager message or other

electronic message to a user or service technician.
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[0053] If the controller is configured to automatically re-zero itself, the re-zeroing may
occur upon the generation of the out-of-product notification before a new product
container is loaded into the product holder.

[0054] If the controller determines that the weight has changed during the product
dispense cycle and that product has therefore been dispensed (106), the controller
proceeds to determine if the weight of the remaining product satisfies a low product
condition (108). The low product condition may be a threshold weight manually input
by a user or service technician via the user interface or it may be a preprogrammed
value. If the weight of the remaining product satisfies the low product condition, the
controller generates a low product notification (110). The low product notification may
be any suitable visual and/or auditory notification, alert or alarm. The low product
notification may also be a text message displayed on an LCD or other display on user
interface 142 (shown in FIG 8). The low product notification may also take the form of
an e-mail, text message, cell phone or pager message or other electronic message to a
user or service technician. The system returns to standby (102) and waits for another
dispense request (104).

[0055] If the controller determines that the remaining weight of the product does not
satisfy the low product condition (108), the controller determines that there is sufficient
product remaining in the product container and the system returns to standby (102) and
awaits another dispense request (104).

[0056] In the case of visual or auditory notifications, the out-of-product notification
(112) and the low product notification (110) may be distinct signals between which a
user may easily discriminate. For example, the low product notification may be one
color LED while the out of product notification may be a different color LED.

[0057] FIG. 10 is a flow chart illustrating another example process 120 by which
controller 141 may process product weight information received from a load cell. In
this example, the load cell bracket is designed to prevent further deflection of the load
cell once the load cell contacts the load cell bracket.

[0058] Initially, the system may optionally be zeroed (not shown). The zeroing may be

accomplished by weighing an empty product container and setting the controller to use
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the weight of the empty product container and/or product holder as its reference point.
The zeroing may take place at the factory or after installation of the system at the site
where it will be used. In yet another alternative, the controller may self-calibrate. In
this alternative embodiment, after a product container is substantially empty of product
and the controller senses no weight change, the weight of the substantially empty
product container and/or product holder is used as the reference weight.

[0059] A product container containing product is loaded onto the product holder (91).
The load cell deflects an amount corresponding to the weight of the product container at
this time; any subsequent dispensing event will remove product from the product
container and lighten the load on the load cell. Controller 141 receives the current
product weight information from the load cell and compares it to the critical weight
(92). If the product weight is not less than the critical weight (92), the load cell will
deflect a sufficient distance to contact the load cell bracket. The system enters contact
mode (122). In contact mode, the product weight information obtained by the load cell
is not indicative of the actual weight of remaining product. This is because the load cell
bracket prevents further deflection of the load cell. While in contact mode, the system
does not process any product weight information received from the load cell. The
system essentially waits until the product weight is less than the critical weight to enter
the low/out-of-product mode (101). The system enters standby (94) and waits for a
dispense request (96).

[0060] Upon receipt of a dispense request (96), the system executes a dispense cycle
(98). After completion of the dispense cycle, controller 141 compares the current
product weight information and subtracts the corresponding current product weight
from the previous product weight. If the current weight is still greater than the critical
weight, controller 141 remains in contact mode (122) as just described.

[0061] If, on the other hand, the current product weight is less than the critical weight
(92), the system enters low/out-of-product mode (101). As with contact mode, in
low/out-of-product mode, controller 141 enters standby (102) and waits for a dispense
request (104). Upon receipt of a dispense request (104), the controller initiates a

measurement program to determine the amount of product dispensed during the
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dispensing cycle and the weight of the remaining product. The measurement program
may optionally be preceded by a programmable delay. The delay may range from 1 to
300 seconds. The length of the delay may depend on the amount of product to be
dispensed, the rate the product is dispensed and the like. This delay may also be
implemented in proof of delivery mode. After the optional programmable delay, the
measurement program commences and determines if any product was dispensed during
the dispense cycle (106).

[0062] If no weight was lost during the dispense cycle, the controller determines that no
product was dispensed and generates an out-of-product notification (112). The out-of-
product notification may be any suitable visual and/or auditory notification or alarm.
The out-of-product notification may also be a text message displayed on an LCD or
other display on user interface 142 (shown in FIG 8). The out-of-product notification
may also take the form of an e-mail, text message, cell phone or pager message or other
electronic message to a user or service technician.

[0063] If the controller is configured to automatically re-zero itself, the re-zeroing may
occur upon the generation of the out-of-product notification before a new product
container is loaded into the product holder.

[0064] If the controller determines that the weight has changed during the product
dispense cycle and that product has therefore been dispensed (106), the controller
proceeds to determine if the weight of the remaining product satisfies a low product
condition (108). The low product condition may be a threshold weight manually input
by a user or service technician via the user interface or it may be a preprogrammed
value. If the weight of the remaining product satisfies the low product condition, the
controller generates a low product notification (110). The low product notification may
be any suitable visual and/or auditory notification or alarm. The low product
notification may also be a text message displayed on an LCD or other display on user
interface 142 (shown in FIG 8). The low product notification may also take the form of
an e-mail, text message, cell phone or pager message or other electronic message to a
user or service technician. The system returns to standby (102) and waits for another

dispense request (104).
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[0065] If the controller determines that the remaining weight of the product does not
satisfy the low product condition (108), the controller determines that there is sufficient
product remaining in the product container and the system returns to standby (102) and
awaits another dispense request (104).

[0066] Various embodiments of the invention have been described. These and other

embodiments are within the scope of the following claims.
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The invention claimed is:

2.

A system comprising:
a dispenser that dispenses a product from a product container;

a load cell that generates product weight information associated with an amount
of the product remaining in the product container, the load cell having a fixed end and a
free end, wherein the free end of the load cell deflects at a first rate of distance per unit
load when the amount of product remaining in the product container is less than a critical

load;

a load cell bracket positioned such that the free end of the load cell contacts the
load cell bracket when the amount of product remaining in the product container is
greater than the critical load, wherein the free end of the load cell deflects at a second rate
of distance per unit load when the free end of the load cell is in contact with the load cell
bracket, the second rate of distance per unit load being less than the first rate of distance

per unit load; and

a controller that, when the free end of the load cell is not in contact with the load
cell bracket, enters a low/out-of-product mode and determines an actual amount of
product dispensed during a product dispense cycle based on the product weight

information generated by the load cell;

wherein the controller further, when the free end of the load cell is in contact with
the load cell bracket, enters a proof of delivery mode, determines a measured amount of
product dispensed during a dispense cycle based on the product weight information
generated by the load cell and generates a proof of delivery notification when the
measured amount of product dispensed during a product dispense cycle satisfies a proof

of delivery threshold.

The system of claim 1, wherein the load cell has a maximum rated load, and wherein the

critical load is substantially equal to the maximum rated load.
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3. The system of claim 1 wherein the controller, when in low/out-of-product mode,
generates an out-of-product notification when the determined amount of product dispensed is

substantially equal to zero.

4. The system of claim 1 wherein the controller, when in low/out-of-product mode, further
determines the amount of product remaining in the product container after the dispensing cycle

based on the product weight information received from the load cell.

5. The system of claim 4 wherein the controller, when in low/out-of-product mode,
generates a low product notification when the determined amount of product remaining satisfies

a low product threshold.
6. The system of claim 1 wherein the product is one of a solid, a liquid, a powder or a paste.

7. The system of claim 1 wherein the controller, when in low/out-of-product mode, further
generates at least one of an out-of-product notification or a low product notification based on the

product weight information received from the load cell.

8. The system of claim 7 wherein the out-of-product notification comprises at least one of a

visual notification, an auditory notification or an electronic notification.

9. The system of claim 7 wherein the low product notification comprises at least one of a

visual notification, an auditory notification or an electronic notification.

10. The system of claim 1 wherein the load cell has a maximum rated deflection, and wherein
the load cell bracket prevents the load cell from deflecting farther than the maximum rated

deflection.

I1. The system of claim 1 further comprising a memory that stores calibration data
concerning a relationship between the second rate of distance per unit load and the actual amount

of product remaining in the product container.

12. The system of claim 11, wherein the controller further determines the actual amount of
product dispensed when the controller is in proof of delivery mode based on the measured

amount of product dispensed and the calibration data.
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13. The system of claim 1, wherein the measured amount of product dispensed when the

controller is in proof of delivery mode is less than the actual amount of product dispensed.

14.  The system of claim 1 wherein the proof of delivery notification comprises at least one of

a visual notification, an auditory notification or an electronic notification.
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