a2 United States Patent

Jagannathan et al.

US010526185B2

US 10,526,185 B2
Jan. 7, 2020

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(60)

(1)

(52)

USER-CONTROLLED VOLUME
REGULATION MECHANISM FOR
AUTOMATIC CONSUMABLE DISPENSERS

Applicant: NEW YORK UNIVERSITY, New
York, NY (US)

Inventors: Ramesh Jagannathan, Abu Dhabi
(AE); Mohammed Yaseer Omar, Abu
Dhabi (AE); Dirichi D. Ike-Njoku, Abu
Dhabi (AE); Pablo Pacareu,
Montevideo (UY); Vasily Rudchenko,
Kiev (UA); Pedro Zufiria, Madrid (ES)

Assignee: NEW YORK UNIVERSITY, New

York, NY (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 238 days.

Appl. No.: 15/473,349

Filed: Mar. 29, 2017

Prior Publication Data
US 2017/0283236 Al Oct. 5, 2017
Related U.S. Application Data

Provisional application No. 62/315,388, filed on Mar.
30, 2016.

Int. CL.
B67D 1/00 (2006.01)
B67D 1/08 (2006.01)
(Continued)
U.S. CL
CPC ... B67D 1/0037 (2013.01); B67D 1/0888

(2013.01); B67D 1/0895 (2013.01);
(Continued)

(58) Field of Classification Search
CPC .. B67D 1/0037; B67D 1/1236; B67D 1/1247,
B67D 1/1293; B67D 2001/1261; B67D
2001/1259; GO1F 17/00

(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS
3,916,963 A * 11/1975 Mclntosh ................. B67D 3/00
141/198
4,202,387 A *  5/1980 Upton ......cccevvvveneeee. B65B 3/36
141/360

(Continued)

OTHER PUBLICATIONS

Dellen, et al., “Volume measurement with a consumer depth camera
based on structured infrared light”, 16th Catalan Conference on
Attificial Intelligence, poster session, Oct. 2013, pp. 1-10, Vic,
Spain.

(Continued)

Primary Examiner — Timothy L. Maust
(74) Attorney, Agent, or Firm — Foley & Lardner LLP

(57) ABSTRACT

An automated consumable dispenser with a precision
method for delivering consumable ingredients in specific
proportions to a container up to a specified volume. This
method involves the use of a system of sensors and a
micro-microprocessor, which detects, digitizes and develops
a three dimensional rendering of the container, calculates the
container volume and dispenses specific amounts of con-
sumable ingredients. A user is able to pick the level in the
vessel to which the consumable ingredients should be dis-
pensed and displays the selected desired level. The embodi-
ments described include an automated dispenser capable of
dispensing beverages and food items, either separately or
together.
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USER-CONTROLLED VOLUME
REGULATION MECHANISM FOR
AUTOMATIC CONSUMABLE DISPENSERS

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application claims benefit of and priority to U.S.
Provisional Patent Application No. 62/315,388 filed Mar.
30, 2016, which is herein incorporated by reference in its
entirety.

FIELD OF INVENTION

Embodiments described herein are related to the field of
automatic food and beverage dispensing machines.

BACKGROUND OF THE INVENTION

Automatic beverage dispensers have become a more
frequently utilized technology. As popularity grows, the
desire for a better user experience and ease of use for
automatic beverage dispensers is also increasing. Mechani-
cal, automatic beverage dispenser allow for only fixed
portions of ingredients and amounts to be dispensed. In other
words, there are a pre-set, limited amount of options for
delivery of the selected beverage into a container.

The use of the static, automatic beverage dispensers leads
to a variety of problems with the user experience and with
the cost of operating the machine. With the current technol-
ogy, a user must have the beverage be filled into a standard-
ized container size. For example, if a user wanted more
coffee than the highest standardized size setting, they would
be unable to do so, or would have to run multiple cycles,
assuming additional cycles would not overflow the cup.
Conversely, if the user wanted a beverage amount less than
the smallest standardized size they would be unable to lower
the amount and would waste the extraneous beverage dis-
pensed.

It is common for a user to provide their own container to
be filled with a beverage from the machine. If the user
container were not exactly to the standardized size pro-
grammed into the machine, there will be additional issues
with waste, under-dispensing and a frustrating user experi-
ence in trying to determine the appropriate size setting for
the unique user cup. There has been some advancement in
customizing this process but the existing solutions are
expensive and cumbersome to use. It would be ideal if there
was a dispensing mechanism available that is able to provide
a precise amount of a selected beverage, regardless of
container shape or size and to dispense the selected beverage
efficiently and effectively.

SUMMARY OF THE INVENTION

One implementation relates to an automatic consumable
dispenser with a reservoir of ingredients, consisting of solids
and liquids, that are used to produce a variety of consum-
ables, both beverages and food, wherein the dispenser has a
loading bay that includes a plurality of sensors, a mechanical
consumable height lever with a visual aid marking device,
and a nozzle to deliver the eventual consumables. The
machine has a microprocessor that is configured to take in a
digital scan, develop a three dimensional scan, calculate the
volume of the container, determine the user selected dis-
pensing level and calculate the amount of ingredients to
dispense into the container.
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Another implementation relates to a method of calculating
and dispensing a consumable into a container in accordance
with a user selected amount. A container is placed into the
dispensing machine’s loading bay by a user and a plurality
of sensors in the bay scan the container. The user is able to
vertically slide a measurement arm to the user-desired level
of consumable in the container. A microprocessor, digitizes
the sensors’ scans, develops a three dimensional rendering,
receives the mechanical arm height, receives the user
selected consumable choice, and calculates the proper
amount of ingredients to dispense. The machine dispenses
the calculated ingredients and liquid into the container.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the following drawings and
the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present disclosure
will become more fully apparent from the following descrip-
tion and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the
disclosure and are, therefore, not to be considered limiting of
its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying
drawings.

FIG. 1 illustrates one implementation a user-controlled
volume regulation mechanism on an automatic consumable
dispenser.

FIG. 2 illustrates one implementation of the use of a
plurality of sensors in a user-controlled volume regulation
mechanism.

FIG. 3 illustrates one implementation of the use of a
mechanical arm laser pointer in a user-controlled volume
regulation mechanism.

FIG. 4 illustrates a schematic flow diagram of a method
for a user-controlled volume regulation mechanism on an
automatic consumable dispenser.

FIG. 5 illustrates a computer system for use with certain
implementations.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In
the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustra-
tive embodiments described in the detailed description,
drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the
subject matter presented here. It will be readily understood
that the aspects of the present disclosure, as generally
described herein, and illustrated in the figures, can be
arranged, substituted, combined, and designed in a wide
variety of different configurations, all of which are explicitly
contemplated and made part of this disclosure.

Described herein are systems and methods for calculating
and dispensing consumables utilizing a dynamic, user-con-
trolled, volume regulation mechanism in an automatic con-
sumable dispenser. In some embodiments, the user-con-
trolled mechanism is integrated into an existing automatic
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beverage machine with alterations to allow for food ingre-
dients, for example popcorn, to be stored, with a micropro-
cessor configured to communicate and control the existing
dispenser’s ingredients and controls. In other embodiments,
the user-controlled mechanism is part of a dedicated auto-
matic consumable dispenser, wherein the construction of the
automatic dispenser and the ingredient reservoirs are done to
optimize the user-controlled mechanisms properties. In
some embodiments, the consumable dispensed can be a
beverage, a food item, or a combination of both.

One implementation, shown in FIG. 1, relates to an
automatic consumable dispenser that employs a micropro-
cessor 108 operably connected to a plurality of scanning
sensors 106 and a mechanical lever 102 with a laser pointer
104, wherein the pair work together to allow control of the
level and type of consumable 126 dispensed into a user
provided container 120. The plurality of sensors 106 can be
any number of sensors arranged around the loading bay, that
enable an accurate and efficient scan of the container 120 to
occur. The microprocessor 108 may be in communication
with and control of a plurality of ingredient reservoirs 116
located in another area of the consumable dispenser. The
ingredients are released in specific increments, according to
the user selection or pre-set ratios of the selected consum-
able 126, the presented container 120, and the user adjusted
mechanical lever 102. In one embodiment, all measurement
calculations are done by the microprocessor 108.

The automatic consumable dispenser has a water supply
112 and liquid heater 114 for user selected consumable
options that require a water supply 112 and for the water
supply 112 to be heated, for example, if the user selected a
consumable that was a beverage, for example hot chocolate,
coffee, tea, etc. The water supply 112 is controlled by the
microprocessor 108 which is configured to calculate how
much liquid is required for the given calculated volume,
based upon the plurality of user selections. The water supply
112 and the ingredients 116 are both connected to the mixing
plates 110. In some embodiments, the mixing plates 110 are
all different types of mixers to accommodate different con-
sumable selections, regardless of them being a liquid, a solid
or a combination of both. For example, one mixing plate 110
may have a grinder and be connected to the coffee ingredient
116, while another mixing plate 110 in the same automatic
consumable machine may have a filter connected to the tea
consumable option, wherein the filter strains out the solid
ingredient so that only a liquid travels to the user container
120. The mixing plates can be designed to effectively mix
the water supply 112 and ingredients 116 to generate the
desired user-selected consumable 126 into the user-selected
container 120 at the user-selected level. In some embodi-
ments, the mixing plates can be structured to facilitate the
transport of food item ingredients in the reservoir. In some
embodiments, the mixing plates may have mechanisms to
push the solid food items, for example, cereal, through the
tubing to effectively deliver it to the container.

Expanding further upon the plurality of ingredient reser-
voirs 116, the reservoir includes a plurality of individual
ingredients for all of the consumable 126 options in the
automatic consumable dispenser. The ingredients in the
plurality of ingredient reservoirs 116 can be diluted or can be
pure, liquid or solid, for example milk, carbonated water,
orange juice, flavorings, artificial flavorings, coffee grinds,
sugar, or popped popcorn, cereal, chocolate chunks, etc. In
some embodiments, the carbonated water is in a resting state
of' un-carbonated water, and is carbonated upon selection by,
for example, a specialized mixing plate 110. The water
supply 112 can be separate from the plurality of ingredient
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reservoirs 116 or it can be part of the plurality of ingredient
reservoirs 116. The liquid heater 114 may be connected just
to the water supply 112 or if alternative liquids in the
plurality of ingredient reservoirs 116 need to be heated, they
can be individually connected to the liquid heater 114. For
example, the plurality of ingredient reservoirs 116 may have
an individual ingredient of milk which may have to distinct
connections, one directly to the mixing plates 110 and
separate connection that runs through the liquid heater 114
before going to the mixing plates 110. This allows the
machine to dispense heated milk for hot consumable 126
options, such as a latte, while still being able to provide
unheated milk for other consumables 126 options, such as
chocolate milk. The machine could subsequently dispense
cereal into the already dispensed chocolate milk, with the
mixing plates 110 facilitating the transport of both types of
consumables into the container.

In some embodiments, the automatic consumable dis-
penser has a loading bay 118 for the user container 120 to be
placed. As shown in FIG. 2, the loading bay 118 is posi-
tioned such that it provides the best angle and view for the
plurality of sensors 106 to scan the container 120. Under
normal operating conditions, a user will approach the auto-
matic consumable dispenser and make a consumable 126
selection. The user will place a container 120 into the
loading bay 118. Embodiments are not limited to a specific
container 120 size or container 120 shape, the only limiting
factor for the container 120 size and shape is the size of the
loading bay 118. Once the container 120 is loaded, the
plurality of sensors 106 begin scanning 122 the container
120 to determine the length, width, height, shape, and
structure of the container 120. The plurality of sensors 106
are able to take the scans of the visual images and convert
the images digitally to the microprocessor 108. In some
embodiments, the plurality of sensors 106 send the visual
scans 122 to the microprocessor 108 unaltered, and the
microprocessor 108 digitizes the visual scans.

In some embodiments, the plurality of sensors 106 are
optimized to scan and generate a three dimensional image
using a sensor laser and fast data processing. The plurality
of sensors 106 use lasers to ‘draw’ lines on the object in the
loading bay 118 and, by utilizing triangulation, determine
the third dimension of the container 120. As the plurality of
sensors 106 scan the object and detect a curve, the sensors
106 interpret, estimate and calculate the height profile of the
object in order to generate a more accurate and clear
measurement for the dimensions of the container 120. The
plurality of sensors 106 can be configured to automatically
begin scanning an object in the loading bay 118 when the
sensors detect a change in the environment. For example,
using a simple light-switch in tandem with the plurality of
sensors 116 the system can detect the addition of an object
to the loading bay 118. In some embodiments, the plurality
of sensors 106 do not activate until the user selects a
consumable 126 option or activates the dispensing process.

In other embodiments, the plurality of sensors 106 are
optimized for using a depth sensor and a structured infrared-
light system. The plurality of sensors 106 utilize object
silhouettes from different views of the object to find a
boundary volume that is formed by back-projecting the
silhouettes. The process for finding the boundary volume
can include first taking in a plurality of views based on the
number of sensors 106 around the loading bay 118, the
location of the sensors 106, and the angle of the sensors 106.
The plurality of sensors 106, either in their own processing
operations or through the microprocessor 108, differentiate
the vertices of the container 120 from the background to
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remove the background. Each view is processed using back
and forward projections to provide a plurality of data points,
this process can be aided by structuring the loading bay 118
in an optimal way. For example, by having the loading bay
118 be a distinct color and programming that information
into the processing unit, the plurality of sensors 106 and
microprocessor 108 will be able to determine more effi-
ciently and accurately the parts of the view that are the
loading bay 118 and the parts of the view that are the bounds
of the container 120. Next, the plurality of data sets are
merged into a common coordinate system and analyzed to
determine the boundaries of the container 120 resulting in an
accumulation matrix which is a summation of the back and
forward projections of the data points. Any gaps or missing
data points in the various images and data points are
estimated and filled in, providing a smooth, accurate ren-
dering of the container 120. Finally, the volume of the
container 120 is calculated as a function of the sum of the
discrete elements from the accumulation matrix.

In some embodiments, the microprocessor 108 is config-
ured to take the images from the plurality of sensors 106 and
generate a three dimensional rendering of the container 120.
Using the scanned images, the microprocessor 108 is able to
accurately calculate the volume of the container 120 regard-
less if the container 120 has a unique shape or a design that
is uncommon. The microprocessor 108 stores the informa-
tion for the calculated total volume of the container 120 as
well as the shape of the container for future processing
depending on the user-controlled volume preference for the
consumable 126. The microprocessor 108 can be loaded
with the predicted volume of certain designated unit for each
of'the consumables in the reservoir 116. For example, a bowl
may be placed in the loading bay 118, with the user selecting
cereal, moving the mechanical lever 102 and laser pointer
104 to the midway point on the bowl. The microprocessor
108 can be preloaded with information regarding the volume
for both the cereal and milk required to complete the user
selection. The microprocessor 108, using the container
image generated from the plurality of sensors 106, deter-
mines the dispensing amount of each ingredient to fill half
of the bowl.

As shown in FIG. 3, once the user has placed a container
120 into to the loading bay 118 and made a consumable 126
selection, the mechanical lever’s 102 laser pointer 104 is
activated and emits a laser 124 onto the container 120. The
user then adjusts the mechanical lever 102 to the desired
level at which they would like their consumable 126 to be
dispensed into the container 120. The mechanical lever 102
is designed to slide vertically throughout the entire height of
the loading bay 118. In one embodiment, the mechanical
lever 102 may be electronically controlled, such as by
servos, where the user indicates “up” or “down” via a
control panel (not shown) or the like. The laser pointer 104
is not used in any of the calculations by the microprocessor
108, however it provides a visual point of reference for the
user to easily and effectively select the desired level of
consumable 126 in the container 120. The input value that
the microprocessor 108 is receiving is the vertical displace-
ment of the mechanical lever 102 as it is being adjusted by
the user to reach the user-desired consumable 126 level in
the container 120. Specifically, the distance is the vertical
displacement of the laser pointer 104 in relation to the base
of the loading bay 118 that the container 120 is sitting on.
The mechanical lever 102 is configured to be displaced
vertically in small increment value, for example 1 mm, with
ease, but the track that allows the mechanical lever to move
is still rigid enough that the mechanical lever 102 will stay
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at the user-selected height. Once the mechanical lever 102 is
set to the desired height of the consumable 126 in the
container 120, the user activates the dispensing.

The microprocessor 108 receives the digital value of the
displacement of the mechanical lever 102 and uses the
generated digital three dimensional image of the container
120 to determine how much volume of the selected con-
sumable 126 should be dispensed to achieve the user selec-
tion. Once the selected volume is calculated, the micropro-
cessor 108 determines how much ingredients 116 are
required for the amount of consumable 126 selected. In
some embodiments, the microprocessor 108 communicates
to the ingredient control device the amount to dispense and,
if the consumable 126 requires it, the microprocessor 108
communicates to the water supply 112 and liquid heater 114
the required increments and heating time to achieve the user
selected consumable 126 and amount. The microprocessor
108 also sends instructions to the mixing plates 110 if the
selected consumable 126 requires additional mixing or alter-
ing before delivery to the container 120.

Expanding further upon the possible interactions between
the microprocessor 108 and the plurality of ingredient
reservoirs 116 in the dispensing process, the communication
between the microprocessor 108 to the control device
includes a plurality of individual commands of ingredient
type and amount. For example, a communication between
the microprocessor 108 and the control device for a hot
chocolate consumable in two-thirds of the container 120
could include specific command values for the required
ingredient types of milk, cocoa mix, water, marshmallows
and water. The command could also include that the water
supply 112 send the amount of water needed to the liquid
heater 114 to be heated to a temperature, for example 100
degrees Fahrenheit, before being mixed with the other
ingredients.

In some embodiments, the plurality of sensors 106 scan
the container 120 after the mechanical lever 102 is set to the
desired height level and the user has initiated the dispensing
process. In other embodiments, the microprocessor 108 is in
constant communication with the mechanical lever 102,
such that, if the mechanical lever 102 is moved at any time
after the dispensing process is initiated by the user, the
microprocessor 108 recalculates the volume of consumable
126 required and communicates the new values to the
ingredients 116 water supply 112 and liquid heater 114. For
example, the mechanical lever 102 may be set at filing
two-thirds of the container 120 at the moment when the user
initiates the dispensing process, but the user may require the
container 120 to be three-fourths full and move the mechani-
cal lever 102 higher to that greater volumetric level. The
microprocessor 108 would receive a change in value for the
mechanical lever 102 height, calculate the additional ingre-
dients 116 and ingredients needed and communicate the
additional values to the system. Alternatively, if the user
moves the lever 102 lower than the initially set height, the
microprocessor 108 would receive a change in value for the
mechanical lever 102 height, calculate the ingredients 116
no longer required and communicate the changed values to
the system. In some arrangements, there may be a “stop
dispensing” button that will cease the dispensing of the
consumable when pushed.

In some embodiments, the microprocessor 108 is in
constant communication with the plurality of sensors 106 in
order to detect a change in the loading bay 118, specifically
the removal or absence of a container 120 from the loading
bay 118. For example, the mechanical lever 102 may be set
at filing two-thirds of the container 120 at the moment when






