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(54) AUTOMATED CLEANING MACHINE PROCESSING USING SHORTENED CYCLE TIMES

(57) An automated cleaning machine may include
one or more short cleaning cycles in which the duration
of a cleaning cycle is shortened relative to the duration
of a default cleaning cycle. During a short cleaning cy-
cle, other cleaning cycle parameters may also be ad-
justed to ensure that the articles subjected to the short
cleaning cycle are adequately cleaned and sanitized.
For example, the wash temperature, rinse temperature,

and/or cleaning product amounts or concentrations,
may be adjusted to account for the shortened duration
of the cleaning cycle. The automated cleaning machine
may further include one or more short cycle mode(s)
during which short cleaning cycle parameters are used
and one or more default cycle mode(s) during which
default cleaning cycle parameters are used.
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Description

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 63/031,990, titled, "AUTO-
MATED CLEANING MACHINE PROCESSING USING
SHORTENED CYCLE TIMES", filed May 29, 2020, the
entire content of which is incorporated herein by refer-
ence.

BACKGROUND

[0002] Automated cleaning machines are used in
restaurants, healthcare facilities, and other locations to
clean, disinfect, and/or sanitize various articles. In a
restaurant or food processing facility, automated clean-
ing machines (e.g., ware wash machines or dish ma-
chines) may be used to clean food preparation and
eating articles, such as dishware, glassware, pots,
pans, utensils, food processing equipment, and other
items. In general, articles to be cleaned are placed on
a rack and provided to a wash chamber of the auto-
mated cleaning machine. In the chamber, one or more
cleaning products and/or rinse agents are applied to
the articles during a cleaning process. The cleaning
process may include one or more wash phases and
one or more rinse phases. At the end of the cleaning
process, the rack is removed from the wash chamber.
Water temperature, water pressure, water quality, con-
centration of the chemical cleaning and/or rinse agents,
duration of the wash and/or rinse phases and other
factors may impact the efficacy of a cleaning process.

SUMMARY

[0003] In general, the disclosure is directed to sys-
tems and/or methods of automated cleaning machine
processing using shortened cycle times. For example,
the systems and/or methods in accordance with the
present disclosure may include automated cleaning
machines having one or more "short" cleaning cycles
that effectively clean and sanitize items in a shortened
time period. The short cleaning cycles may include
other short cycle parameters to ensure items are
cleaned and sanitized in a shortened time period as
compared to default or normal machine cycle settings.
The short cleaning cycles of the present disclosure may
be used to increase throughput of an automated clean-
ing machine while ensuring satisfactory cleaning and/or
sanitizing results.
[0004] In one example, the disclosure is directed to
an automated cleaning machine comprising at least
one processor; at least one storage device that stores
default cleaning cycle parameters and short cleaning
cycle parameters, wherein the short cleaning cycle
parameters include a total cycle duration that is rela-
tively less than a total cycle duration of the default
cleaning cycle; the at least one storage device further
comprising instructions executable by the at least one

processor to: control execution by the cleaning ma-
chine of at least one cleaning cycle using the default
cleaning cycle parameters; determine a number of
cleaning cycles executed during a predetermined peri-
od of time; compare the determined number of cleaning
cycles to a predetermined short cycle threshold; in re-
sponse to the determined number of cleaning cycles
being greater than the predetermined short cycle
threshold, control execution of at least one subsequent
cleaning cycle using the short cycle cleaning process
parameters.
[0005] The one or more default cleaning cycle para-
meters may include at least one of a default wash
phase duration, a default rinse phase duration, a de-
fault detergent concentration, a default wash water
temperature and a default rinse water temperature, the
one or more short cleaning cycle parameters may in-
clude at least one of a short cycle wash phase duration,
a short cycle rinse phase duration, a short cycle deter-
gent concentration, a short cycle wash water tempera-
ture and a short cycle rinse water temperature, and the
short cycle wash water temperature may be relatively
higher than the default wash water temperature.
[0006] The short cycle detergent concentration may
be relatively higher than the default detergent concen-
tration. The short cycle rinse water temperature may be
relatively higher than the default rinse water tempera-
ture. The short cycle wash phase duration may be rela-
tively less than the default wash phase duration.
[0007] The short cycle wash phase duration and the
short cycle wash water temperature may be sufficient
to transfer at least 3600 Heat Unit Equivalents (HUEs)
to the articles in the wash chamber of the automated
cleaning machine.
[0008] The short cycle detergent concentration may
be relatively higher than the default detergent concen-
tration, and the short cycle wash phase duration, the
short cycle wash water temperature, and the short cy-
cle detergent concentration may be sufficient to effec-
tively clean the articles in the wash chamber of the
automated cleaning machine.
[0009] The at least one storage device further may
comprise instructions executable by the at least one
processor to control execution of one or more cleaning
cycles in the wash chamber of the cleaning machine in
either a default cycle mode or a short cycle mode; in
default cycle mode, control execution of at least one
cleaning cycle in the wash chamber of the cleaning
machine using the default cleaning cycle parameters;
and in short cycle mode, control execution of at least
one cleaning cycle in the wash chamber of the cleaning
machine using the short cleaning cycle parameters.
The at least one storage device may further comprise
instructions executable by the at least one processor
to: in response to the determined number of cleaning
cycles being less than the predetermined short cycle
threshold, control execution of at least one subsequent
cleaning cycle using the default cycle cleaning process
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parameters.
[0010] In another example, the disclosure is directed
to an automated cleaning machine comprising a wash
chamber configured to receive one or more articles to
be cleaned; a controller that controls execution of one
or more cleaning cycles in the wash chamber of the
cleaning machine in one of a default cycle mode or a
short cycle mode, the controller comprising: at least
one processor; at least one storage device that stores
default cleaning cycle parameters associated with the
default cycle mode and short cleaning cycle para-
meters associated with the short cycle mode, wherein
the short cleaning cycle parameters include a total cy-
cle duration that is less than a total cycle duration of the
default cleaning cycle; the at least one storage device
further comprising instructions executable by the at
least one processor to: control execution by the clean-
ing machine of at least one cleaning cycle in default
cycle mode using the default cleaning cycle para-
meters; determine a number of cleaning cycles exe-
cuted during a predetermined period of time; compare
the determined number of cleaning cycles to a prede-
termined short cycle threshold; in response to the de-
termined number of cleaning cycles being greater than
the predetermined short cycle threshold, control execu-
tion of at least one subsequent cleaning cycle in short
cycle mode using the short cycle cleaning process
parameters.
[0011] In another example, the disclosure is directed
to an automated cleaning machine comprising at least
one processor; at least one storage device that stores
default cleaning cycle parameters and short cleaning
cycle parameters, wherein the short cleaning cycle
parameters include a total cycle duration that is rela-
tively less than a total cycle duration of the default
cleaning cycle; the at least one storage device further
comprising instructions executable by the at least one
processor to: control execution by the cleaning ma-
chine of at least one cleaning cycle using the default
cleaning cycle parameters; determine whether a cur-
rent time of day is within a predetermined short cycle
time period; in response to determining that the current
time of day is within the predetermined short cycle time
period, control execution of at least one subsequent
cleaning cycle using the short cycle cleaning process
parameters.
[0012] The at least one storage device may further
comprise instructions executable by the at least one
processor to: determine a number of cleaning cycles
executed using the short cleaning process parameters
during a predetermined period of time; compare the
determined number of cleaning cycles to a predeter-
mined short cycle threshold in response to the deter-
mined number of cleaning cycles being less than the
predetermined short cycle threshold, control execution
of at least one subsequent cleaning cycle using the
default cycle cleaning process parameters.
[0013] The one or more default cleaning cycle para-

meters may include at least one of a default wash
phase duration, a default rinse phase duration, a de-
fault detergent concentration, a default wash water
temperature and a default rinse water temperature, the
one or more short cleaning cycle parameters may in-
clude at least one of a short cycle wash phase duration,
a short cycle rinse phase duration, a short cycle deter-
gent concentration, a short cycle wash water tempera-
ture and a short cycle rinse water temperature, and the
short cycle wash water temperature may be relatively
higher than the default wash water temperature.
[0014] The short cycle detergent concentration may
be relatively higher than the default detergent concen-
tration. The short cycle rinse water temperature may be
relatively higher than the default rinse water tempera-
ture. The short cycle wash phase duration may be rela-
tively less than the default wash phase duration.
[0015] The short cycle wash phase duration and the
short cycle wash water temperature may be sufficient
to transfer at least 3600 Heat Unit Equivalents (HUEs)
to the articles in the wash chamber of the automated
cleaning machine.
[0016] The short cycle detergent concentration may
be relatively higher than the default detergent concen-
tration, and the short cycle wash phase duration, the
short cycle wash water temperature, and the short cy-
cle detergent concentration may be sufficient to effec-
tively clean the articles in the wash chamber of the
automated cleaning machine.
[0017] In another example, the disclosure is directed
to a method comprising storing default cleaning cycle
parameters and short cleaning cycle parameters,
wherein the short cleaning cycle parameters include a
total cycle duration that is relatively less than a total
cycle duration of the default cleaning cycle; controlling
execution by a cleaning machine of at least one clean-
ing cycle using the default cleaning cycle parameters;
determining a number of cleaning cycles executed dur-
ing a predetermined period of time; comparing the de-
termined number of cleaning cycles to a predetermined
short cycle threshold; and in response to the deter-
mined number of cleaning cycles being greater than
the predetermined short cycle threshold, controlling ex-
ecution by the cleaning machine of at least one subse-
quent cleaning cycle using the short cycle cleaning pro-
cess parameters.
[0018] In another example, the disclosure is directed
to a method comprising: storing default cleaning cycle
parameters and short cleaning cycle parameters,
wherein the short cleaning cycle parameters include a
total cycle duration that is relatively less than a total
cycle duration of the default cleaning cycle; controlling
execution by a cleaning machine of at least one clean-
ing cycle using the default cleaning cycle parameters;
determining whether a current time of day is within a
predetermined short cycle time period; and in response
to determining that the current time of day is within the
predetermined short cycle time period, controlling ex-
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ecution of at least one subsequent cleaning cycle using
the short cycle cleaning process parameters.
[0019] The method may further include determining a
number of cleaning cycles executed using the short
cleaning process parameters during a predetermined
period of time; comparing the determined number of
cleaning cycles to a predetermined short cycle thresh-
old; and in response to the determined number of
cleaning cycles being less than the predetermined
short cycle threshold, controlling execution of at least
one subsequent cleaning cycle using the default cycle
cleaning process parameters.
[0020] In another example, the disclosure is directed
to a method comprising storing default cleaning cycle
parameters and short cleaning cycle parameters,
wherein the short cleaning cycle parameters include a
total cycle duration that is relatively less than a total
cycle duration of the default cleaning cycle; controlling
execution by a cleaning machine of at least one clean-
ing cycle using the default cleaning cycle parameters;
determining a time duration between a plurality of con-
secutive cleaning cycles executed using the default
cleaning cycle parameters; determining whether the
time durations between at least a predetermined num-
ber of the consecutive cleaning cycles satisfied a short
cycle threshold; and in response to determining that the
time durations between at least the predetermined
number of sequential cleaning cycles satisfied the short
cycle threshold, controlling execution by the cleaning
machine of at least one subsequent cleaning cycle
using the short cycle cleaning process parameters.
[0021] In another example, the disclosure is directed
to an automated cleaning machine comprising at least
one processor; at least one storage device that stores
default cleaning cycle parameters and short cleaning
cycle parameters, wherein the short cleaning cycle
parameters include a total cycle duration that is rela-
tively less than a total cycle duration of the default
cleaning cycle; the at least one storage device further
comprising instructions executable by the at least one
processor to: control execution by a cleaning machine
of cleaning cycles using the default cleaning cycle
parameters; determine a time duration between conse-
cutive cleaning cycles executed using the default
cleaning cycle parameters; determine whether time
durations between at least a predetermined number of
the consecutive cleaning cycles satisfies a short cycle
threshold; and in response to determining that the time
durations between at least the predetermined number
of sequential cleaning cycles satisfied the short cycle
threshold, control execution by the cleaning machine
of at least one subsequent cleaning cycle using the
short cycle cleaning process parameters.
[0022] The details of one or more examples are set
forth in the accompanying drawings and the description
below. Other features will be apparent from the descrip-
tion and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0023]

FIG. 1 shows an example automated cleaning ma-
chine including one or more short cleaning cycle(s)
in accordance with the present disclosure.
FIG. 2 is a block diagram of an example system
that monitors and/or controls operation of an auto-
mated cleaning machine including one or more
short cleaning cycle(s) in accordance with the pre-
sent disclosure.
FIG. 3A is a diagram illustrating cycle times for an
example default cleaning cycle, and FIG. 3B is a
diagram illustrating cycle times for an example
short cleaning cycle in accordance with the present
disclosure.
FIG. 4 is a graph illustrating simulated savings per
day when using short cleaning cycle(s) at a thresh-
old above 60 cycles per hour.
FIGS. 5A and 5B are graphs showing example
data regarding average number of cleaning cycles
per day by hour of day for two food establishments
having different peak wash times throughout the
day.
FIGS. 6A and 6B are graphs showing example
data regarding the average number of default
cleaning cycles per day by hour of day over a 9-
month period for two locations of a chain restau-
rant.
FIG. 7A and 7B are graphs showing example data
regarding average number of default cleaning cy-
cles per day by hour of day as may be experienced
by two different types of hotel restaurants.
FIG. 8A‑8C are graphs showing example data ag-
gregating the number of cleaning cycles per day by
hour of day for two different types of dish machines
(door type and conveyor type) across multiple loca-
tions.
FIG. 9 is a table showing example data regarding
cleaning cycle duration and number of HUEs (Heat
Unit Equivalents) accumulated under various de-
signed experimental conditions.
FIG. 10 is a graph showing experimental results of
accumulated HUEs over time for a designed ex-
periment in a cleaning machine.
FIG. 11 is a flowchart illustrating an example pro-
cess (300) by which a computing device controls
one or more cleaning cycles in a cleaning machine
in either a default cycle mode (302) or a short cycle
mode (312) in accordance with the present disclo-
sure. The computing device determines whether
the cleaning machine should operate in default cy-
cle mode or short cycle mode based on an analysis
of a number of cleaning cycles completed per unit
time.
FIG. 12 is a flowchart illustrating another example
process (340) by which a computing device con-
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trols one or more cleaning cycles in a cleaning ma-
chine in either a default cycle mode (346) or a short
cycle mode (350) in accordance with the present
disclosure. In this example, the computing device
determines whether the cleaning machine should
operate in default cycle mode or short cycle mode
based on the time of day.
FIG. 13A is a flowchart illustrating an example pro-
cess by which a computing device controls one or
more cleaning cycles in a cleaning machine in
either a default cycle mode or a short cycle mode
based on manually input selections in accordance
with the present disclosure.
FIG. 13B is a flowchart illustrating an example pro-
cess by which a computing device controls one or
more cleaning cycles in a cleaning machine in
either a default cycle mode or a short cycle mode
based on a time between consecutive cleaning cy-
cles.
FIG. 14 is a graph showing example temperature
parameter shifts throughout a day for a dishma-
chine capable of implementing short cleaning cy-
cles in accordance with the present disclosure.
FIG. 15 is a graph showing example detergent con-
centration parameter shifts throughout a day for a
dishmachine capable of implementing short clean-
ing cycles in accordance with the present disclo-
sure.
FIG. 16 is a graph showing example temperature
and detergent concentration parameter shifts (both
parameters adjusted at the same time) throughout
a day for a dishmachine capable of implementing
short cleaning cycles in accordance with the pre-
sent disclosure.
FIG. 17A is a graph showing example staggered
temperature and detergent concentration para-
meter shifts throughout a day for a dishmachine
capable of implementing short cleaning cycles in
accordance with the present disclosure.
FIG. 17B is a graph showing the data of FIG. 17A
for the 10:00AM to 2:00PM time period.

DETAILED DESCRIPTION

[0024] In general, the disclosure is directed to sys-
tems and/or methods of automated cleaning machine
processing using including one or more "short" clean-
ing cycles having shortened cycle times. For example,
the systems and/or methods in accordance with the
present disclosure may include automated cleaning
machines including one or more short cleaning cycles
that effectively clean and sanitize items to be cleaned in
a shortened time period. The short cycle times may be
combined with other short cycle parameters to ensure
items are cleaned and sanitized in a shortened time
period as compared to default or normal machine cycle
settings. Such default settings are often designed to
minimize energy and/or cleaning product usage, and

thus to clean and sanitize articles while minimizing en-
ergy and product related costs. However, these default
settings can lead to longer cleaning cycle times as they
specify lower temperatures and smaller amounts of
cleaning product in order to minimize energy and pro-
duct usage. Under such default conditions, longer cycle
durations are needed to adequately clean and/or sani-
tize the articles being cleaned. However, these long
cycle times are a disadvantage during high volume per-
iods at a restaurant or other food preparation or service
establishment. The short cycles of the present disclo-
sure may be used to increase throughput of an auto-
mated cleaning machine while ensuring a satisfactory
cleaning and/or sanitizing result. The short cycles may
thus be especially useful during busy, high volume per-
iods at restaurant or other food preparation or service
location.
[0025] The short cycle operation in accordance with
the present disclosure may be implemented as a clean-
ing machine cycle setting manually accessible through
the user interface of a controller on an automated ware
wash machine. The short cycle operation may also be
implemented automatically by a cleaning machine con-
troller during predefined periods of the day or when a
predetermined threshold number of cleaning cycles per
unit time has been reached. When the cleaning ma-
chine is experiencing high throughput, one or more
short cleaning cycles may be manually selected or
automatically initiated to shorten the duration of each
individual cleaning cycle and adjust other cleaning cy-
cle parameters to ensure that adequate cleaning and
sanitization of the wares exposed to the short cleaning
cycle are achieved. The cleaning cycle parameters that
may be adjusted for the short cleaning cycles may in-
clude wash temperature, rinse temperature, detergent
concentration, detergent type, etc. The automated
cleaning machine may further include one or more
short cycle mode(s) during which short cleaning cycle
parameters are used and one or more default cycle
mode(s) during which default cleaning cycle para-
meters are used.
[0026] FIG. 1 shows an example automated cleaning
machine 100 in which short cleaning cycles may be
used to clean and/or sanitize articles 102A‑102N inside
a wash chamber 152 of cleaning machine 100 in accor-
dance with the present disclosure. In this example,
cleaning machine 100 is a ware wash or dishmachine
for cleaning and/or sanitizing eating and/or food pre-
paration articles 102A‑102N. In this example, articles
102A‑102N are plates. It shall be understood, however,
that articles 102A‑102N may also include other eating
or food preparation articles such as bowls, coffee cups,
glassware, silverware, cooking utensils, pots and pans,
etc. It shall further be understood that cleaning machine
100 may include any other type of cleaning machine
such as clothes or textile washing machines, medical
instrument reprocessors, automated washer disinfec-
tors, autoclaves, sterilizers, or any other type of clean-
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ing machine, and that the disclosure is not limited with
respect to the type of cleaning machine or to the types
of articles to be cleaned.
[0027] Cleaning machine 100 includes an enclosure
158 defining one or more wash chamber(s) 152 and
having one or more door(s) 160, 161 that permit entry
and/or exit into wash chamber 152. One or more remo-
vable rack(s) 154 are sized to fit inside wash chamber
152. Each rack 154 may be configured to receive arti-
cles to be cleaned directly thereon, or they may be
configured to receive one or more trays or holders into
which articles to be cleaned are held during the clean-
ing process. The racks 154 may be general or special-
purpose racks, and may be configured to hold large
and/or small items, food processing/preparation equip-
ment such as pots, pans, cooking utensils, etc., and/or
glassware, dishes and other eating utensils, etc. In a
hospital or healthcare application, the racks may be
configured to hold instrument trays, hardgoods, medi-
cal devices, tubing, masks, basins, bowls, bed pans, or
other medical items. It shall be understood that the con-
figuration of racks 154, and the description of the items
that may be placed on or in racks 154, as shown and
described with respect to FIG. 1 and throughout this
specification, are for example purposes only, and that
the disclosure is not limited in this respect.
[0028] A typical cleaning machine such as cleaning
machine 100 operates by spraying one or more clean-
ing solution(s) 164 (a mixture of water and one or more
chemical cleaning products) into wash chamber 152
and thus onto the articles to be cleaned. The cleaning
solution(s) are pumped to one or more spray arms 162,
which spray the cleaning solution(s) 164 into wash
chamber 152 at appropriate times. Cleaning machine
100 is provided with a source of fresh water and, de-
pending upon the application, may also include one or
more sumps, such as sump 110, to hold used wash
and/or rinse solution 112 to be reused in the next clean-
ing cycle. Cleaning machine 100 may also include or
be provided with a chemical product dispenser 240 that
automatically dispenses the appropriate chemical pro-
duct(s) at the appropriate time(s) during the cleaning
process, mixes them with the diluent, and distributes
the resulting cleaning solution(s) to the cleaning ma-
chine 100 to be dispensed into the wash chamber 152.
Depending upon the machine, the articles to be
cleaned, the amount of soil on the articles to be
cleaned, and other factors, one or more wash phases
may be interspersed with one or more rinse phases
and/or sanitization phases to form one complete clean-
ing process of cleaning machine 100.
[0029] Automated cleaning machine 100 further in-
cludes a cleaning machine controller 200. Controller
200 includes one or more processor(s) that monitor
and control various parameters of the cleaning ma-
chine 100 such as wash and rinse phase time(s) and
duration(s), cleaning solution concentrations, timing
dispensation of one or more chemical products,

amounts of chemical products to be dispensed, wash
and/or rinse phase water temperature(s), timing for ap-
plication of water and chemical products into the wash
chamber, etc. Controller 200 may communicate with a
product dispense system 240 in order to monitor and/or
control the timing and/or amounts of cleaning products
dispensed into cleaning machine 100.
[0030] In some examples, cleaning machine control-
ler 200 and/or product dispense system 240 may be
configured to communicate with one or more remote
computing devices or cloud-based server computing
systems. Cleaning machine controller 200 and/or pro-
duct dispense system 240 may also be configured to
communicate, either directly or remotely, with one or
more user computing devices, such as tablet compu-
ters, mobile computing devices, smart phones, laptop
computers.
[0031] As shown in FIG. 1, one or more articles to be
cleaned, such as plates 102A‑102N, may be placed on
rack 154 and moved into the wash chamber 152 at the
start of a cleaning process. Rack 154 may be moved on
a conveyor 166 or other supporting structure. Cleaning
machine controller 200 may include one more short
cleaning cycles that may be manually or automatically
initiated during periods when higher machine through-
put is desired. The throughput may be measured in
terms of the number of machine cleaning cycles com-
pleted per unit time. With the short cleaning cycles of
the present disclosure, higher throughput in terms of
the number of completed cleaning cycles per unit time
may be achieved while ensuring that the articles sub-
jected to the short cleaning cycles are adequately
cleaned and sanitized in the shortened time period.
[0032] The cleaning machine controller 200 may be
programed to automatically initiate short cleaning cy-
cles at one or more defined time periods. For example,
the cleaning machine controller 200 may be pro-
grammed to automatically run short cleaning cycles
during one or more pre-defined high volume periods,
such as those time periods associated with breakfast,
lunch, and/or dinner, or other expected high volume
period. The pre-defined high-volume periods may be
customizable to suit the needs of the particular location.
[0033] In addition, the short cleaning cycles and the
associated cleaning cycle parameters, including the
wash and rinse phase durations, the types and
amounts of cleaning products dispensed, the wash
and rinse water temperatures, etc., may also be custo-
mized based on the article type being cleaned for each
individual rack. The cleaning process parameters may
be directed to the type(s) of soils typically encountered
when cleaning each article type. For example, pots and
pans may be soiled with large amounts of baked or
cooked on starch, sugar, protein, and fatty soils. In con-
trast, drinking glasses or cups are not typically heavily
soiled but have hard to remove soils like lipstick, coffee,
and tea stains. In some examples, system controller
200 may control one or more wash parameters of the
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short cleaning cycle based on the article type to effec-
tively clean and sanitize the wares.
[0034] In some examples, the cleaning machine 100
may include one or more sensors that provide addi-
tional information about the parameters of the cleaning
cycle. For example, cleaning machine 100 may include
one or more temperature sensor(s) 153 that measure a
temperature inside of the wash chamber 152. In the
example of FIG.1, temperature sensor 153 is posi-
tioned on a sidewall inside the wash chamber 152 of
cleaning machine 100. The cleaning machine 100 may
further include a sump temperature sensor 114 that
measures a temperature of solution 112 in sump 110.
For example, the sump water temperature may be
measured at the start of a cleaning cycle, and at the
end of the same cleaning cycle to determine a differ-
ence in the sump water temperature that occurred dur-
ing the cleaning cycle. As another example, the sump
water temperature may be measured or sampled con-
tinuously throughout the cleaning cycle, at periodic in-
tervals, or at predetermined times during the cleaning
cycle. The sump water temperature data may be ana-
lyzed to identify a rate of change of the sump water
temperature (e.g., the slope or the derivative of the
temperature vs. time curve at any given point) at any
point(s) in time during the cleaning cycle. The system
may analyze the difference in the sump water tempera-
ture from one point in time to another point in time,
and/or the rate of change in sump water temperature
at any given point(s) in time, either alone or in conjunc-
tion with other data pertaining to the cleaning cycle, to
determine and/or adjust the cleaning cycle parameters
to adequately clean and/or sanitize the wares exposed
to the associated cleaning cycle of cleaning machine
100. The machine may automatically adjust the current
cleaning cycle parameters or may implement the
changes in one or more subsequent cycles.
[0035] The controller 200 may also analyze an accu-
mulated heat energy (determined based on one or
more measured temperatures during the cleaning cycle
and one or more the cycle time(s) or durations) for the
cleaning cycle and compare to a sanitization threshold
to determine whether the accumulated heat energy
was sufficient to achieve adequate sanitization of the
wares during the cleaning cycle. If the accumulated
heat energy does not satisfy the sanitization threshold,
controller 200 may extend the wash and/or rinse
phases or add additional wash and/or rinse phases to
achieve a heat energy level that satisfies the sanitiza-
tion threshold. Alternatively, the extended wash and/or
rinse phases or additional wash and/or rinse phases
may be implemented in the next cleaning cycle.
[0036] In this way, the techniques of the present dis-
closure may achieve a satisfactory cleaning and/or sa-
nitizing result using cleaning cycles of overall shorter
duration as compared to default or typical cleaning cy-
cles that are optimized in terms of energy and/or pro-
duct usage. Such default cleaning cycles sacrifice over-

all cleaning cycle time (that is, they may require longer
cleaning cycle durations) in order to reduce energy
(e.g., by washing and/or rinsing at lower temperatures)
and/or cleaning product costs (e.g., by using less pro-
duct), and thus to reduce overall cost per cycle as a
whole. The short cycle techniques of the present dis-
closure may thus result in shorter cleaning cycle times
and higher throughput (as measured, e.g., as an in-
creased number of executed cleaning cycles per unit
time), while ensuring that the articles exposed to the
short cleaning cycle are adequately cleaned and sani-
tized. The short cycle techniques of the present disclo-
sure may further result in reduced labor costs and in-
creased efficiency due to the reduced amount of time
required to complete each individual cleaning cycle and
increased number of cycles per unit time that may be
completed.
[0037] In some examples, the cleaning machine con-
troller 200, or a remote computing system (see, e.g.,
FIG. 2) may generate one or more reports or notifica-
tions regarding the short cleaning cycle(s). For exam-
ple, controller 200 may generate, based on the clean-
ing machine data generated during the short cleaning
cycle, a notification for display, such as display on a
user computing device, that includes cleaning cycle
parameters associated with the short cleaning cycle,
data monitored during the short cleaning cycle or data
generated based on analysis of the data monitored be-
fore, during, or after the short cleaning cycle, and/or
any information associated with the short cleaning cy-
cle(s) run by one or more cleaning machines. The dis-
played data may further include one or more graphs or
charts of the data monitored or generated with respect
to the short cleaning cycle(s).
[0038] FIG. 2 is a block diagram showing an example
cleaning machine controller 200 that controls one or
more short cleaning cycles in a cleaning machine in
accordance with the present disclosure. Cleaning ma-
chine controller 200 is a computing device that includes
one or more processors 202, one or more user inter-
face components 204, one or more communication
components 206, and one or more data storage com-
ponents 208. User interface components 204 may in-
clude one or more of audio interface(s), visual inter-
face(s), and touch-based interface components, includ-
ing a touch-sensitive screen, display, speakers, but-
tons, keypad, stylus, mouse, or other mechanism that
allows a person to interact with a computing device.
Communication components 206 allow controller 200
to communicate with other electronic devices, such as
a product dispenser controller 242 and/or other remote
or local computing devices 250. The communication
may be accomplished through wired and/or wireless
communications, as indicated generally by network(s)
230.
[0039] Controller 200 includes one or more storage
device(s) 208 that include a cleaning process control
module 212, default cleaning cycle parameters 214,
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short cleaning cycle parameters 218, an analysis/re-
porting module 216 and data storage 210. Modules
212 and 216 may perform operations described using
software, hardware, firmware, or a mixture of hardware,
software, and firmware residing in and/or executing at
controller 200. Controller 200 may execute modules
212 and 216 with one or more processors 202. Control-
ler 200 may execute modules 212 and 216 as a virtual
machine executing on underlying hardware. Modules
212 and 216 may execute as a service or component
of an operating system or computing platform, such as
by one or more remote computing devices 250. Mod-
ules 212 and 216 may execute as one or more execu-
table programs at an application layer of a computing
platform. User interface 204 and modules 212 and 216
may be otherwise arranged remotely to and remotely
accessible to controller 200, for instance, as one or
more network services operating in a network cloud-
based computing system provided by one or more of
remote computing devices 250.
[0040] Default cleaning cycle parameters 214 in-
cludes cleaning cycle parameters for one or more de-
fault cleaning cycles that are optimized in terms of en-
ergy savings, cleaning product savings, or both. Such
default cycles typically sacrifice overall cycle duration
(that is, the total time required to complete a cleaning
cycle tends to be longer) in order to reduce energy
consumption, water usage, and/or cleaning product(s)
usage. The total duration of the default cleaning cycle
tends to be longer so that lower temperature wash or
rinse water and smaller amounts of cleaning product
may be used. For example, default cleaning cycles in a
typical commercial door type dish machine may include
a total default cycle duration of between 60 and 360
seconds. As another example, default cleaning cycles
in a typical commercial conveyor-type dish machine
may include a total default cycle rate of between 3‑6
racks per minute.
[0041] Short cleaning cycle parameters 218 includes
cleaning cycle parameters for one or more short clean-
ing machine cycles with the goals of reducing cycle
duration while providing effective cleaning and sanitiz-
ing performance. Such short cycles may use a rela-
tively higher temperature wash and/or rinse water, rela-
tively shorter wash and/or rinse phases, increased
amount of product usage, or changes in other cleaning
cycle parameters in order to achieve meaningfully short
cleaning cycle durations while providing effective clean-
ing and/or sanitization performance. For example, short
cleaning cycles in accordance with the present disclo-
sure for a door type dish machine may have total short
cleaning cycle durations of between 30 and 45 sec-
onds.
[0042] The cleaning cycle parameters for both the
default cleaning cycle process parameters 214 and the
short cycle cleaning cycle parameters 218 may include,
for example, wash and rinse phase timing and sequen-
cing, wash and rinse water temperatures, sump water

temperatures, wash and rinse water conductivities,
wash phase duration, rinse phase duration, dwell time
duration, wash and rinse water pH, detergent concen-
tration, rinse agent concentration, humidity, water hard-
ness, turbidity, rack temperatures, mechanical action
within the cleaning machine, and any other cleaning
cycle parameter that may influence the efficacy of the
cleaning process. The values for the cleaning cycle
parameters are determined differently for the short cy-
cle cleaning cycles of the present disclosure as com-
pared to the default cleaning processes. For example,
the short cycle cleaning cycle parameters may include
one or more of higher wash water temperatures, higher
rinse water temperatures, higher sump water tempera-
tures, shorter wash phase durations, shorter rinse
phase durations, larger amounts of one or more clean-
ing products, or other adjusted cleaning cycle para-
meters as compared to the default cleaning cycle para-
meters, in order to achieve a short cleaning cycle hav-
ing a reduced overall cycle duration while providing ef-
fective cleaning and sanitizing of the wares subjected
to the short cleaning cycle. The cleaning cycle para-
meters may be different depending upon the type of
machine, for example, door type machines and con-
veyor type machines may have different default and
short cleaning cycle parameters.
[0043] Cleaning process control module 212 includes
instructions that are executable by processor(s) 202 to
perform various tasks. For example, cleaning process
control module 212 includes instructions that are ex-
ecutable by processor(s) 202 to initiate and/or control
one or more short cleaning cycles in a cleaning ma-
chine in accordance with the present disclosure. For
example, cleaning process control module 212 may re-
ceive a command that was manually input by a user
into user interface 204 to initiate a short cleaning cycle.
Such a command may be manually input by a user
during busy times at a location, when higher throughput
in terms of cleaning cycles per unit time may be desir-
able. As another example, cleaning process control
module 212 may be programmed to automatically exe-
cute short cleaning cycles during certain predefined
time periods, such as the time periods associated with
breakfast, lunch, dinner, or other busy or high volume
periods at a food establishment. As another example,
cleaning process control module 212 may be pro-
grammed to automatically determine whether a thresh-
old number of cleaning cycles per unit time has been
met and may automatically execute one or more short
cleaning cycles when the threshold is satisfied. That is,
cleaning process control module 212 may be pro-
grammed to automatically determine when the food es-
tablishment is experiencing a need for increased clean-
ing machine throughput (such as when the food estab-
lishment is experiencing a high volume of customers or
otherwise experiencing a high number of wares to be
cleaned) based on the number of cleaning cycles per
unit time executed by the cleaning machine, and may
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automatically execute one or more short cleaning cy-
cles when the condition is satisfied.
[0044] Cleaning process control module 212 includes
instructions that are executable by processor(s) 202 to
initiate and/or control one or more short cleaning cycles
using the short cleaning cycle parameters 218. Cycle
data corresponding to one or more short cleaning cy-
cles executed by the cleaning machine may be stored
in data storage 210.
[0045] In accordance with the present disclosure,
cleaning process control module 212 may further in-
clude instructions executable by the processor(s) 202
to determine the heat energy accumulated over the
course of a cleaning cycle to determine whether ade-
quate sanitization of articles subjected to the cleaning
cycle has been achieved, and to further control one or
more cycles of the cleaning cycle based on the result.
For example, if the heat energy accumulated during the
course of the cleaning cycle is insufficient to achieve
adequate sanitization of the articles, cleaning process
control module 212 may determine an extended rinse
phase duration needed in order to adequately sanitize
the article(s) in the cleaning machine. Controller 200
may then control the cleaning machine to automatically
execute the extended rinse phase of the determined
duration. In this example, the rinse phase duration is
extended because the controller 200 determines that
application of additional hot rinse water during an ex-
tended rinse phase will accomplish the additional heat
transfer necessary to satisfy the sanitization threshold.
In this way, cleaning process control module 212 may
dynamically control the duration of the rinse phase
based on a calculated amount of heat energy accumu-
lated over the duration of a cleaning cycle to ensure
that an adequate sanitization result is achieved. In
other examples, an extended wash phase, an extended
rinse phase, or additional wash and/or rinse phase(s)
may be added during the next short cleaning cycle
rather than dynamically applied during the current short
cleaning cycle.
[0046] In accordance with the present disclosure,
cleaning process control module 212 may further in-
clude instructions executable by the processor(s) 202
to analyze sump water temperatures measured at one
or more times during the cleaning and to control one or
more cleaning cycle parameters based on the sump
water temperature to ensure an adequate cleaning and
sanitization result. For example, cleaning process con-
trol module 212 may analyze sump water temperatures
measured at one or more times during the cleaning
cycle, and may automatically determine extended wash
and/or rinse phase durations based on the sump water
temperature to ensure an adequate cleaning and sani-
tizing result in achieved.
[0047] Analysis/reporting module 216 (or any of
cleaning process control module 212, or other software
or module stored in storage devices 208) may generate
one or more notifications or reports for storage or for

display on user interface 204 of controller 200, or on
any other local or remote computing device 250, re-
garding the results of one or more cleaning cycles.
[0048] As another example, the reports may include
data corresponding to one or more specific cleaning
cycles, or data concerning cleaning cycles specific to
one or more of a location(s), a cleaning machine(s), a
date(s)/time(s), an employee, etc. The data may be
used to identify trends, areas for improvement, or
otherwise assist the organizational person(s) responsi-
ble for ensuring the efficacy of cleaning cycles to identi-
fy and address problems in the cleaning cycles.
[0049] The report(s) may further include information
monitored during one or more cleaning cycles, and the
data for each cleaning cycle may include information
monitored during execution of the cleaning cycle such
as the date and time of the cleaning cycle, a unique
identification of the cleaning machine, a unique identifi-
cation of the person running the cleaning cycle, an arti-
cle type cleaned during the cleaning cycle, a rack vo-
lume or types of racks or trays used during the cleaning
cycle, wash phase duration, rinse phase duration, dwell
duration, wash and rinse water temperatures, sump
water temperatures, wash and rinse water conductiv-
ities, wash and rinse water pH, detergent concentra-
tion, rinse agent concentration, environmental humidity,
water hardness, turbidity, rack temperatures, the types
and amounts of chemical product dispensed during
each cycle of the cleaning cycle, the volume of water
dispensed during each cycle of the cleaning cycle, the
total number of HUEs accumulated over the course of
the cleaning cycle or other information relevant to the
cleaning cycle. The report(s) may also include informa-
tion concerning the location; the business entity/enter-
prise; corporate clean verification targets and toler-
ances; cleaning scores by location, region, machine
type, date/time, employee, and/or cleaning chemical
types; energy costs; chemical product costs; and/or
any other cleaning cycle data collected or generated
by the system or requested by a user.
[0050] FIG. 3A is a graphic showing the individual
cycle components for a default cleaning cycle having a
total cycle duration of between 60 and 90 seconds.
FIG. 3B is a graphic showing the individual cycle com-
ponents for a short cleaning cycle having a total cycle
duration of between 30 and 50 seconds. As seen in
FIG. 3A, the wash phase of the default cleaning cycle
includes a wash water temperature (sump temperature)
of between 155‑164 degrees Fahrenheit, a duration of
between 45‑75 seconds, a total sump volume between
7 and 10 gallons, and a default detergent concentra-
tion. The default detergent range may be specified by
the manufacturer or set/adjusted by a service techni-
cian during installation of the machine or during a ser-
vice call. The default detergent range may be defined
as, for example, 100% of a recommended detergent
range. The dwell time (the time between the wash
phase and the rinse phase) is about 2 seconds. The
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rinse phase of the default cleaning cycle includes a
wash water temperature (sump temperature) of 180
degrees Fahrenheit, a duration of about 10 seconds,
between 0.5 and 1.0 gallons of rinse water (typically
fresh rinse water), and a rinse aid concentration in a
default rinse aid range. The total cycle duration of the
default cleaning cycle is the sum of the duration of the
wash phase, the dwell time, and the duration of the
rinse phase, for a total default cycle duration of be-
tween 60 and 90 seconds in this example.
[0051] As seen in FIG. 3B, the wash phase of the
short cleaning cycle includes a wash water temperature
(sump temperature) of between about 165‑180 degrees
Fahrenheit, a duration of between about 25‑40 sec-
onds, a total sump volume between 7 and 10 gallons,
and a detergent concentration that is relatively higher
than the default detergent concentration. The higher
detergent range may be, for example, may be any-
where between 5‑50% higher than the default deter-
gent range. For example, the higher detergent range
may be 105% of the recommended detergent range,
110% of the recommended detergent range, 120% of
the recommended detergent range, etc. However, it
shall be understood that other percentages greater
than the default detergent range could also be used.
The dwell time is about 2 seconds. The rinse phase of
the short cleaning cycle includes a wash water tem-
perature (sump temperature) of 180 degrees Fahren-
heit, a duration of about 10 seconds, between 0.5 and
1.0 gallons of rinse water (typically fresh rinse water),
and a rinse aid concentration in the default rinse aid
range. The total cycle duration of the short cleaning
cycle is the sum of the duration of the wash phase, the
dwell time, and the duration of the rinse phase, for a
total short cycle duration of between about 30‑50 sec-
onds in this example,
[0052] FIGS. 3A and 3B illustrate that by increasing
the wash water (sump) temperature from a range of
155 to 164 degrees Fahrenheit to a range of 165‑180
degrees Fahrenheit and/or increasing the detergent
concentration from a recommended detergent range to
a relatively higher detergent range, that a meaningful
difference in the total cycle duration can be achieved
when using short cycle parameters as compared to de-
fault cycle parameters. It shall be understood that either
the wash water temperature may be increased, the de-
tergent concentration may be increased, or both the
wash water temperature and the detergent concentra-
tion may be increased in order shorten the duration of
the cleaning cycle, and that the disclosure is not limited
in this respect. It shall also be understood that other
cleaning cycle parameters may also be adjusted to
shorten the duration of the cleaning cycle, e.g., the
rinse water temperature, rinse aid concentration, etc.,
and that the disclosure is further not limited in this re-
spect.
[0053] FIG. 4 is a graph showing a comparison of the
number of cleaning cycles run versus hour of the day

under two example scenarios: (1) real field data using
default machine cycle parameters (black bars), and (2)
simulated data that would result if the same number of
cycles were run under an example "short cycle en-
abled" scheme (gray bars and patterned bars). The so-
lid black bars represent example field data for the num-
ber of cleaning cycles run per hour in a commercial
dish machine using default cleaning cycle parameters
over the course of one 24-hour period. The gray bars
represent simulated data for cycles run under the de-
fault parameters because the short cycle threshold
condition has not been met. The patterned bars repre-
sent simulated data for short cleaning cycles run when
the short cycle threshold condition has been met. The
short cycle threshold in this example was taken to be
60 cycles/hour. The number of cycles per hour was
increased by 15%. Under these conditions, at cycle
rates of fewer than 60 cycles/hour, the number of cycle-
s/hour were simulated using default cleaning cycle
parameters (gray bars). At default cycle rates of over
60 cycles/hour, the number of cycles/hour were simu-
lated using short cleaning cycle parameters (15% more
cycles/hour). For example, at hours 7, 8, 9 and 10, the
number of cycles/hour for the previous hour are below
the example short cycle threshold of 60 cycles/hour.
The number of cycles/hour during these times thus re-
mained the same as the real field data (gray bars (si-
mulated) and black bars (field data) are the same). At
hour 10, the short cycle threshold is exceeded, and
remains so through hour 13, and thus the number of
cycles per hour for hours 11, 12, 13, and 14 are in-
creased by 15% as indicated by the patterned bars. At
hours 15 and 16 of the short cycle simulation, all of the
cleaning cycles were previously completed during
hours 11, 12, 13, and 14, so no cleaning cycles were
run during hours 15 and 16. This is in contrast to the
field data default cleaning cycles, where over 30 clean-
ing cycles were run during each of hours 15 and 16. At
hour 17, the short cycle threshold is exceeded, and
remains so until hour 22, so that the number of cycles
per hour for hours 18, 19, 20, 21, and 22, were in-
creased by 15%. At hour 23, all of the cleaning cycles
were previously completed during hours 18, 19, 20, 21,
and 22, so no cleaning cycles needed to be run during
hour 23 under the short cycle simulation.
[0054] By increasing the number of cycles/hour when
a predefined short cycle threshold is satisfied, more
cycles/hour are executed during those time periods
when the short machine cycle parameters are enabled.
One ramification of this is that, although the total num-
ber of cycles required to clean all of the wares remains
the same, that same number of cycles may be com-
pleted more quickly. In other words, some of the default
cleaning cycles that would have been run later may be
effectively time shifted into earlier time periods as short
cleaning cycles. As a result, default cleaning cycles that
had to be run during certain time periods in the exam-
ple field data may be eliminated when using short
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cleaning cycles. And, if all of the wares can be cleaned
during those earlier times by enabling short cleaning
cycles, there may be time periods of the day when the
cleaning machine is idle as compared to when only
default machine cycles are used. This further translates
to an associated number of hours/day in labor savings,
as employees associated with those cleaning cycles
are not needed during those time periods. In the FIG.
4, for example, the default cleaning cycles in the exam-
ple field data that are eliminated by enablement of the
short cleaning cycles are indicated by the shaded rec-
tangles. That is, the default cycles run at hours 0, 1, 15,
16, and 23 are not needed when short cycles are en-
abled, because enablement of the short cleaning cy-
cles at the 60 cycle/hour threshold resulted in those
cycles being run more quickly in one or more previous
time periods. In this example, the simulation indicates
that cleaning machine usage was reduced by approxi-
mately 5 hours/day. This reduction in machine usage
may further result in approximately 5 hours/day of labor
savings. Thus, enabling shortened cleaning cycles may
lead not only to an increase in the throughput of a
cleaning machine (that is, more cycles may be run per
unit time), it may also result in an overall reduction in
the amount of time per day the cleaning machine is in
use and in an associated amount of labor savings.
[0055] Although in the example of FIG. 4 the short
cycle threshold is based on a predetermined number
of cycles per hour, it shall be understood that a short
cycle mode of operation in a cleaning machine may be
triggered based on other short cycle thresholds, and
that the disclosure is not limited in this respect. For
example, the short cycle threshold may be based on
time duration(s) between two or more consecutive
cleaning cycles. As another example, the short cycle
threshold may be based on the time of day.
[0056] The cleaning machine data concerning the
average number of racks per day vs. time for both de-
fault cleaning cycles and short cleaning cycles may
yield meaningful information for several different types
of food establishments. For example, independent
(e.g., standalone or non-chain restaurants) food estab-
lishments may gain insight into the times of day when
execution of short cleaning cycles may be of benefit in
terms of the number of cycles executed per time peri-
od, in terms of labor savings, or both. As another ex-
ample, cleaning machine data from multiple locations in
a chain-type restaurant may be compared to obtain a
high-level view of variations in dishwashing practices
across multiple locations within the chain. Based on
this analysis, recommendations may be made at a cor-
porate account level in terms of which locations might
benefit most from implementing a short cycle algorithm.
Several examples of different types of food establish-
ments and the implications of short cycles are de-
scribed in further detail below.
[0057] FIGS. 5A and 5B are graphs showing exam-
ple data regarding average number of cleaning cycles

per day by hour of day for two food establishments
having different peak wash times throughout the day.
FIG. 5A is a graph showing an example average num-
ber of cleaning cycles per day vs. time of day for a first
type of food establishment. In this example, the food
establishment is an independent account that is only
open during dinner hours, thus the peak wash times
are in the latter parts of the evening (e.g., starting at
around 17:00 hours (5pm)).
[0058] An establishment open only during dinner
hours such as the example of FIG. 5A may choose to
implement short cycle(s) only during the later hours of
the evening (such as starting at 5pm). Implementation
of short cycles during peak times would cause the aver-
age number of cleaning cycles per hour of day to in-
crease during those peak times, potentially condensing
the total time frame in which all cleaning cycles are run.
For example, the dish machine may be finished by
10pm instead of 11pm.
[0059] FIG. 5B is a graph showing an example aver-
age number of cleaning cycles per day by hour of day
for a second type of food establishment. In this exam-
ple, the food establishment is an independent account
having multiple peak wash times throughout the day
(e.g., corresponding to breakfast, lunch, and dinner).
[0060] An establishment that is open all day such as
the example of FIG. 5B may choose to implement short
cycle(s) multiple times throughout the day; for example,
short cycles may be enabled during the time periods
associated with breakfast (7‑8am hours), lunch (1pm
hours), and dinner (7‑9pm). This would increase the
average number of cycles run during these timeframes.
[0061] FIGS. 6A and 6B are graphs showing exam-
ple data regarding the average number of default
cleaning cycles per day by hour of day over a 9 month
period for two locations of a chain restaurant. FIG. 6A is
a graph showing the average number of default clean-
ing cycles per day by hour of day over a 9 month period
for a chain restaurant location running a conveyor ma-
chine. Over a 9-month period, this location demon-
strated a higher average number of cycles during the
11am‑12pm hours (lunch) and 5‑9pm hours (dinner)
time periods.
[0062] FIG. 6B is a graph summarizing 9 months of
data showing the average cycles per day by hour of
day for another location in the same chain as the ex-
ample of FIG. 6A, however this location has slightly
different peak periods compared to the example of
FIG. 6A. The example location of FIG. 6B demon-
strates three high volume washing periods: 2‑5am,
12‑2pm, and 6‑9pm.
[0063] The cleaning machine data from multiple loca-
tions in a chain-type restaurant may be compared to
obtain a high-level view of variations in dishwashing
practices across multiple locations within the chain.
Based on this analysis, recommendations may be
made at a corporate account level in terms of which
locations might benefit most from implementing a short
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cycle algorithm. For the locations of FIG. 6A and 6B, for
example, recommendations may be made to imple-
ment short cycles only during lunch and dinner times
for the location of FIG. 6A, and to implement short cy-
cles during breakfast, lunch and dinner times for the
location of FIG. 6B.
[0064] FIG. 7A and 7B are graphs showing example
data regarding average number of default cleaning cy-
cles per day by hour of day as may be experienced by
two different types of hotel restaurants. FIG. 7A is a
graph showing the average number of default cleaning
cycles per day by hour of day as may be experienced
by a restaurant within a hotel that serves food and/or
room service on and off throughout the day. The pattern
shows multiple peak times throughout a day, indicating
that the location has low-volume and high-volume
times through the day.
[0065] FIG. 7B is a graph showing the average num-
ber of default cleaning cycles per day by hour of day for
a hotel location that runs their dish machine steadily
throughout the day, thus indicating they may have a
high-volume restaurant(s) that is busy throughout the
day and/or room service available throughout the day.
[0066] For the example hotel location of FIG. 7B (or
any location with a dish machine running steadily
throughout the day) may benefit from a human deciding
to manually implement short cycles based on factors
unique to that location on a day-to-day basis. In other
words, when a large event occurs, a user manually in-
puts a short cycle command into the user interface of
the dishmachine (such as by actuating a button, switch
or soft key) to change into short-cycle mode. In con-
trast, for the example hotel location of FIG. 7A (or any
location with a dish machine having regular peak times
throughout the day) may benefit from a dish machine
that automatically switches to short cycle mode at pre-
defined periods of the day, or when a short cycle
threshold is met. In other words, the dish machine algo-
rithm may determine whether to implement short cycle
mode as opposed to a human user.
[0067] In some examples, a combination of auto-
matic and manually enabled short cycles may be ap-
propriate. Thus, the manner in which the short cycles
are enabled (manually or automatically) may be custo-
mized for each individual machine, for each location
(e.g., a location with one or more cleaning machines),
or for each customer (e.g., a customer such as a chain
having multiple locations with one or more cleaning
machines at each location).
[0068] FIG. 8A‑8C are graphs showing example data
aggregating the average number of cleaning cycles per
day by hour of day for two different types of dish ma-
chines (door type and conveyor type) across multiple
locations. FIG. 8A is a graph showing example data
aggregating the average number of racks per day by
hour of day for two different types of dish machines
(door type and conveyor type) across multiple loca-
tions. The data shows that conveyor machines (gray

bars) on average run a lot more cleaning cycles than
door machines (black bars). However, they do have
similar profiles for peak periods, as shown in FIGS. 8B
(door machines) and 8C (conveyor machines).
[0069] FIG. 8B is a graph showing example data ag-
gregating average racks per day by hour of day across
multiple locations using door type cleaning machines.
On average the number of cycles run each hour is
much lower as compared to conveyor machines (FIG.
8C); however, there are generally two peak dish wash-
ing periods per day - after lunch (1‑2pm) and after din-
ner (8‑10pm hours) in this example.
[0070] FIG. 8C is a graph showing example data ag-
gregating average number of racks per day by hour of
day across multiple locations using conveyor type
cleaning machines. On average the number of cycles
run each hour is much higher as compared to door
machines (FIG. 8B). However, there are generally two
peak dish washing periods per day - after lunch
(12‑2pm hours) and after dinner (7‑9pm hours) in this
example.
[0071] Because conveyor machines have higher
throughput per hour than door machines, implementa-
tion of short cycles, especially during peak times would
be most beneficial for these locations. For example, a
15% faster cycle time would increase the throughput
from, for example, approximately 100 cycles/hour to
approximately 115 cycles/hour, which is an increase in
the number of wares that can be completed in a time
period. In addition, the short cleaning cycles would be
effectively time-shifted to an earlier time period as com-
pared to the default cleaning cycles (due to more cy-
cles being completed earlier).
[0072] FIG. 9 is a table showing cleaning time and
number of HUEs (Heat Unit Equivalents) accumulated
under various experimental conditions. The rows high-
lighted in green are the conditions at which a represen-
tative food soil was removed from a verification coupon
in under 45 seconds. This experimental data shows
that at detergent concentrations of at least 80% of the
default detergent concentration, the representative
food soil was removed in under 45 seconds. At higher
detergent concentration and high wash temperature,
food soil was consistently removed in under 20 sec-
onds. If the wash temperature was dropped, the clean-
ing time moved to approximately 35 seconds. These
experiments show that food soil may be adequately
removed in under 20 seconds at the appropriate oper-
ating conditions. In order to meet sanitization require-
ments for high temperature ware washing operations,
NSF standards state that it is necessary to accumulate
≥ 3600 HUEs over the course of the cycle to achieve
heat sanitization. The experimental data of FIG. 9 show
that cleaning performance and adequate HUEs for sa-
nitization may be met with a cleaning cycle of less than
45 seconds.
[0073] FIG. 10 is a graph showing experimental re-
sults of the accumulated HUEs over time for an exam-
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ple 62 second cleaning cycle having a wash tempera-
ture of 178° F and a rinse temperature of 145° F. As
can be seen in the graph, the 3600 HUE NSF standard
value is achieved after 10 seconds when based on the
sump temperature. The experimental data of FIG. 10
shows that adequate HUEs for sanitization maybe
reached using short cleaning cycles.
[0074] FIG. 11 is a flowchart illustrating an example
process (300) by which a computing device controls
one or more cleaning cycles in a cleaning machine in
either a default cycle mode (302) or a short cycle mode
(312) in accordance with the present disclosure. In this
example, the computing device determines whether the
cleaning machine should operate in default cycle mode
or short cycle mode based on an analysis of a number
of cleaning cycles completed per unit time. The com-
puting device may include, for example, the example
cleaning machine controller 200 of FIG. 2, and the pro-
cess (300) may be controlled based on execution of
instructions stored in cleaning process control module
212 and executed by processor(s) 202.
[0075] Upon powering up (301), the computing de-
vice of the automated cleaning machine may automati-
cally enter a default cycle mode (302). In default cycle
mode, the computing device controls the default clean-
ing process(es) based on default cleaning cycle para-
meters. The default cleaning cycle parameters, such as
wash phase duration, rinse phase duration, cleaning
product concentrations, wash water temperatures,
rinse water temperatures, etc., are designed to mini-
mize energy and/or cleaning product usage and thus
to minimize energy and product related costs while still
achieving adequate cleaning and sanitization of the ar-
ticles inside the machine. The default cycle parameters
may be stored in, for example, storage device(s) 208
as default cleaning cycle parameters 214 as shown in
FIG. 2.
[0076] In default mode (302), the computing device
controls execution of a default cleaning cycle using the
default cycle parameters (304). For example, the com-
puting device may send one or more command sig-
nal(s) to a cleaning machine (such as cleaning machine
100 as shown in FIG. 1) to execute a cleaning process
using the default cycle parameters.
[0077] When the default cycle is complete (306), the
computing device may determine and store cycle data
associated with the default cleaning cycle (307), such
as a cycle type (e.g., default), the target default cycle
parameters associated with the default cleaning cycle,
actual machine parameters measured or sensed during
the default cleaning cycle, an updated cycle count, a
time and date stamp, a machine id, a cycle id, a loca-
tion, store, and/or corporate id, and/or any other data
associated with the default cleaning cycle. The default
cycle data may be stored in, for example, data storage
210 of storage device(s) 208 as shown in FIG. 2.
[0078] The default cycle parameters in default mode
can lead to longer duration cleaning cycles as they

specify lower temperatures and smaller amounts of
cleaning product in order to minimize energy and pro-
duct usage. Under such default conditions, longer cycle
durations are needed to adequately clean and/or sani-
tize the articles being cleaned. However, these long
cycle times are a disadvantage during high volume per-
iods at a restaurant or other food preparation or service
establishment. Thus, in accordance with the present
disclosure, the computing device includes a short cycle
mode, during which cleaning cycles of shortened dura-
tion (as compared to the default cleaning cycles) are
executed by the cleaning machine. The short cycles of
the present disclosure may be used to increase
throughput of an automated cleaning machine while
ensuring a satisfactory cleaning and/or sanitizing result.
The short cycles may thus be especially useful during
busy, high volume periods at restaurant or other food
preparation or service location, or at other times when
higher throughput of a cleaning machine is desired.
[0079] To that end, in the example process (300) of
FIG. 11, the computing device calculates a total num-
ber of default cycles completed per unit time (308). For
example, the computing device may calculate the num-
ber of default cleaning cycles that have occurred during
a predefined time period, such as during the immedi-
ately preceding 30 minutes, the immediately preceding
60 minutes, or other predefined time period. As another
example, the computing device may calculate the num-
ber of default cleaning cycles that have occurred since
a specified time, such as since the start of the current
full hour (e.g., during the current hour of a 24-hour day,
where each hour is numbered from 0 to 23, such as
shown in FIGS. 4‑9).
[0080] The computing device compares the number
of default cycles per unit time to a predefined short
cycle threshold (310). The short cycle threshold is the
number of default cycles occurring per unit time after
which the cleaning machine will automatically transition
from default cycle mode to short cycle mode. If the
number of default cycles per unit time does not satisfy
the short cycle threshold (310), the computing device
remains in the default cycle mode (312), and will con-
trol execution of the next cleaning cycle in default cycle
mode using the default cycle parameters.
[0081] If the number of default cycles per unit time
satisfies the short cycle threshold (310), the computing
device enters short cycle mode (312). In short cycle
mode, the computing device controls one or more short
cycle cleaning process(es) based on short cleaning cy-
cle parameters. The short cleaning cycle parameters,
such as wash phase duration, rinse phase duration,
cleaning product concentrations, wash water tempera-
tures, rinse water temperatures, etc., are designed to
minimize total cleaning cycle duration while adjusting (if
need be) wash water temperature, rinse water tem-
perature, and/or cleaning product usage to effectively
clean and sanitize the articles inside the machine. The
short cycle parameters may be stored in, for example,
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storage device(s) 208 as shortened cleaning cycle
parameters 218 as shown in FIG. 2.
[0082] In short cycle mode (312), the computing de-
vices controls execution of a shortened cleaning cycle
(or simply, "short cycle") using the short cycle para-
meters (314). For example, the computing device may
send one or more command signal(s) to a cleaning
machine (such as cleaning machine 100 as shown in
FIG. 1) to execute a shortened cleaning process using
the short cycle parameters.
[0083] When the short cycle is complete (316), the
computing device may determine and store short cycle
data associated with the short cleaning cycle (317),
such as a cycle type (e.g., short), the target short cycle
parameters associated with the short cleaning cycle,
actual machine parameters measured or sensed during
the short cleaning cycle, an updated cycle count, a time
and date stamp, a machine id, a cycle id, a location,
store, and/or corporate id, and/or any other data asso-
ciated with the short cleaning cycle. The short cycle
data may be stored in, for example, data storage 210
of storage device(s) 208 as shown in FIG. 2.
[0084] At some point before execution of the next
cleaning cycle, the computing device analyzes one or
more short cycle exit conditions (320). That is, the com-
puting device may determine whether one or more con-
ditions are satisfied to determine whether to exit short
cycle mode. For example, if the cleaning machine is
turned-off, and subsequently powered on, the cleaning
machine will startup in default mode (302). As another
example, if the computing device receives an indication
associated with command that was manually input into
the user interface of the cleaning machine to return to
default mode, the cleaning machine will exit short cycle
mode and return to default mode. As another example,
the computing device may determine an idle time by
monitoring a length of time since the end of the most
recent cleaning cycle. If the cleaning machine has been
idle for a predetermined period of time, the computing
device may exit short cycle mode and return to default
mode. As another example, if the number of cleaning
cycles completed per unit time is below a threshold
number, the computing device may exit short cycle
mode and return to default mode. If the computing de-
vice determines that any of the conditions for exiting
short cycle mode are satisfied (320), the computing
device exits short cycle mode and returns to default
mode (302).
[0085] An example of process (300) may be further
explained by reference to FIG. 4. Assume, for example,
that the cleaning machine of FIG. 4 was powered up at
hour 7. The machine enters default mode upon startup,
as indicated by the gray bar at hour 7. The machine
continues in default mode during hours 8, 9, and 10,
until at hour 10 the machine determines that the short
cycle threshold of 60 cycles/hour has been satisfied.
The machine then switches to short cycle mode, and
therefore the cleaning cycles in hours 11, 12, 13, and

14 are executed in short cycle mode (patterned bars).
After each cleaning cycle in short cycle mode, the ma-
chine checks whether any of the short cycle mode exit
conditions are satisfied. In the example of FIG. 4, at
least one of the short cycle mode exit conditions are
met at hour 14, when the number of cycles per hour
falls below the short cycle threshold of 60 cycles/hour.
(Although the thresholds for entering and exiting short
cycle mode are both described as being 60 cycles/hour
in this example, it shall be understood that the thresh-
olds for entering and exiting short cycle mode need not
be 60 cycles/hour and also that the thresholds need not
be the same). The machine then returns to default
mode, and thus when the next cycle is run during hour
17, the machine has returned default mode as indi-
cated by the gray bar at hour 17. The number of cycle-
s/hour at hour 17 again satisfies the short cycle thresh-
old, and the machine enters short cycle mode. The
cleaning cycles during hours 18, 19, 20, 21, and 22 are
thus executed in short cycle mode (patterned bars). At
hour 23, there are no cycles run, which is below the
short cycle threshold, so the cleaning machine will re-
turn to default mode during the subsequent hour 0 (not
shown in FIG. 4).
[0086] As another example, at hour 15, the cleaning
machine may determine that the machine was idle for
that hour, and may return to default mode for that rea-
son. In addition, the cleaning machine may receive a
manually input command to return to default mode at
any time during execution of short cycle mode.
[0087] FIG. 12 is a flowchart illustrating another ex-
ample process (340) by which a computing device con-
trols one or more cleaning cycles in a cleaning machine
in either a default cycle mode (346) or a short cycle
mode (350) in accordance with the present disclosure.
In this example, the computing device determines
whether the cleaning machine should operate in default
cycle mode or short cycle mode based on the time of
day. The computing device may include, for example,
the example cleaning machine controller 200 of FIG. 2,
and the process (340) may be controlled based on ex-
ecution of instructions stored in cleaning process con-
trol module 212 and executed by processor(s) 202.
[0088] Upon powering up (341), the computing de-
vice determines the time of day (342) and determines
whether the time of day is within a predefined short
cycle time period (344). For example, the computing
device may be programmed to execute short cleaning
cycles during time of the day when the cleaning ma-
chine is usually busy. In a restaurant, for example, the
cleaning machine maybe programmed to execute short
cleaning cycles during predefined times associated
breakfast, lunch, dinner and/or other busy times for the
restaurant, when higher throughput of the cleaning ma-
chine (that is, an increased number of cycles/unit time)
is desired. If the time of day is not within a predefined
short cycle time period (344), the computing device of
the automated cleaning machine enters default cycle
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mode (346). In default cycle mode, the computing de-
vice controls the default cleaning process(es) based on
default cleaning cycle parameters (348). At the comple-
tion of each cycle (or before the beginning of each cy-
cle) (346), the computing device determines the time of
day (342) to determine whether to remain in default
mode or to switch to short cycle mode (344).
[0089] If the time of day is within a predefined short
cycle time period (344), the computing device of the
automated cleaning machine enters short cycle mode
(350). In short cycle mode, the computing device con-
trols the short cycle cleaning process(es) based on
short cleaning cycle parameters (352). At the comple-
tion of a cycle (354), the computing device determines
the time of day (342) and determines whether to remain
in default mode or to switch to short cycle mode (344).
[0090] FIG. 13A is a flowchart illustrating an example
process (360) by which a computing device controls
one or more cleaning cycles in a cleaning machine in
either a default cycle mode (362) or a short cycle mode
(370) based upon a manually input user selection in
accordance with the present disclosure. The computing
device controls operation of a cleaning machine based
on receipt of a selection that is manually entered by a
user at a user interface of the cleaning machine. When
the cleaning machine is experiencing high throughput,
one or more short cleaning cycles may be manually
selected to shorten the duration of each individual
cleaning cycle and adjust other cleaning cycle para-
meters to ensure that adequate cleaning and sanitiza-
tion of the wares exposed to the short cleaning cycle
are achieved. The computing device may include, for
example, the example cleaning machine controller 200
of FIG. 2, and the process (360) may be controlled
based on execution of instructions stored in cleaning
process control module 212 and executed by proces-
sor(s) 202.
[0091] Upon powering up (301), the computing de-
vice of the automated cleaning machine may automati-
cally enter a default cycle mode (362). Before execu-
tion of a cleaning cycle, the computing device deter-
mines whether a short cycle mode has been selected
by a user (368). For example, a user may manually
select short cleaning cycles when the cleaning machine
is experiencing or expecting to experience high de-
mand, so as to shorten the duration of each individual
cleaning cycle to achieve higher throughput. If no short
cycle command has been received (368), the comput-
ing device remains in default cycle mode (362). The
short cleaning cycle mode may be manually selected,
for example, by a user through a user interface of the
dishmachine controller.
[0092] In default cycle mode, the computing device
controls the default cleaning process(es) based on de-
fault cleaning cycle parameters as described herein
(364). When each default cycle is complete (366), the
computing device may determine and store default cy-
cle data associated with the default cleaning cycle

(367), such as a cycle type (e.g., default), the target
default cycle parameters associated with the default
cleaning cycle, actual machine parameters measured
or sensed during the default cleaning cycle, an updated
cycle count, a time and date stamp, a machine id, a
cycle id, a location, store, and/or corporate id, and/or
any other data associated with the default cleaning cy-
cle. The default cycle data may be stored in, for exam-
ple, data storage 210 of storage device(s) 208 as
shown in FIG. 2.
[0093] If a short cycle selection has been received,
the computing device transitions from default mode to
short cycle mode (370). In short cycle mode, the com-
puting device controls the short cycle cleaning pro-
cess(es) based on short cleaning cycle parameters
(372). For example, the computing device automatically
adjusts other cleaning cycle parameters (such as tem-
perature and/or detergent concentration) to ensure that
adequate cleaning and sanitization of the wares ex-
posed to the short cleaning cycle are achieved. When
each short cycle is complete (374), the computing de-
vice may determine and store short cycle data asso-
ciated with the short cleaning cycle (375), such as a
cycle type (e.g., short), the target short cycle para-
meters associated with the short cleaning cycle, actual
machine parameters measured or sensed during the
short cleaning cycle, an updated cycle count, a time
and date stamp, a machine id, a cycle id, a location,
store, and/or corporate id, and/or any other data asso-
ciated with the short cleaning cycle. The short cycle
data may be stored in, for example, data storage 210
of storage device(s) 208 as shown in FIG. 2.
[0094] At some point before execution of the next
cleaning cycle, the computing device analyzes one or
more short cycle exit conditions (376). That is, the com-
puting device may determine whether one or more con-
ditions are satisfied to determine whether to exit short
cycle mode and transition to default mode. For exam-
ple, if the cleaning machine is turned-off, and subse-
quently powered on (361), the cleaning machine will
startup in default mode (362). As another example, if
the computing device receives an indication associated
with command that was manually input into the user
interface of the cleaning machine to return to default
mode, the cleaning machine will exit short cycle mode
and return to default mode. As another example, the
computing device may determine an idle time by mon-
itoring a length of time since the end of the most recent
cleaning cycle. If the cleaning machine has been idle
for a predetermined period of time, the computing de-
vice may exit short cycle mode and return to default
mode. As another example, if the number of cleaning
cycles completed per unit time is below a threshold
number, the computing device may exit short cycle
mode and return to default mode. If the computing de-
vice determines that any of the conditions for exiting
short cycle mode are satisfied (375), the computing
device exits short cycle mode and returns to default
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mode (362).
[0095] FIG. 13B is a flowchart illustrating an example
process (380) by which a computing device controls
one or more cleaning cycles in a cleaning machine in
either a default cycle mode or a short cycle mode
based on a time between consecutive cleaning cycles.
The computing device may include, for example, the
example cleaning machine controller 200 of FIG. 2,
and the process (380) may be controlled based on ex-
ecution of instructions stored in cleaning process con-
trol module 212 and executed by processor(s) 202. In
this example, the computing device controls operation
of a cleaning machine based on the time duration be-
tween consecutive cleaning cycles. When a cleaning
machine is experiencing high throughput, the time be-
tween the end of one cycle and the beginning of a
second, consecutive cycle, can be relatively short
(e.g., on the order of a few seconds for a dishmachine).
In a door-type dishmachine, for example, the time be-
tween cycles may be determined in part by how fast an
operator can open the door, input a new rack and close
the door again (e.g., 2‑3 seconds). If a minimum num-
ber of consecutive cycles (e.g., 3 or 4) have a short
betweencycle time duration, this may indicate that a
food establishment is experiencing a "busy" time and
that a higher throughput would be beneficial. In such a
situation, the computing device may switch to short cy-
cle mode. When the time between consecutive cycles
increases above the short cycle threshold, the cleaning
machine may switch back to default mode.
[0096] Upon powering up (381), the computing de-
vice of the automated cleaning machine may automati-
cally enter a default cycle mode (382). The computing
device controls the cleaning machine to execute a
cleaning cycle using default cleaning cycle parameters
(383). The computing device detects (controls) when
the cycle is complete (384) and detects (controls) the
start of a consecutive cleaning cycle (385). The com-
puting devices determines the time between the conse-
cutive cleaning cycles (386). The computing device
next determines whether the time durations between at
least a predetermined number ("N") of consecutive
cleaning cycles were less than a short cycle threshold
(388). The short cycle threshold may be determined
based on the type of cleaning machine and the amount
of time between cleaning cycles indicative of high
throughput. For a door-type dishmachine, for example,
the short cycle threshold between cycle time duration
may be on the order of a few seconds, such as less
than 10 seconds or in some examples less than 2 or 3
seconds. The predetermined number of consecutive
cleaning cycles may also be determined based on the
type of cleaning machine and the number of consecu-
tive cleaning cycles indicative of high throughput. For a
door-type dishmachine, for example, the predeter-
mined number of consecutive cleaning cycles may be
3 or 4 consecutive cleaning cycles.
[0097] If the time durations between the predeter-

mined number of consecutive cleaning cycles do not
satisfy the short cycle threshold (NO branch of 388),
the computing device remains in default mode (382). If
the time durations between the predetermined number
of consecutive cleaning cycles satisfy the short cycle
threshold (YES branch of 388), the computing device
switches to short cycle mode (390). The computing de-
vice controls execution of the next consecutive clean-
ing cycle using short cycle cleaning process para-
meters (392). The computing device continues to moni-
tor the time duration between each consecutive clean-
ing cycle (384, 385, 386, 388). If at any time the time
durations between the predetermined number of con-
secutive cleaning cycles do not satisfy the short cycle
threshold (NO branch of 388), the computing device
returns to default mode (382).
[0098] The flowcharts of FIGS. 11, 12, 13A and 13B
illustrate examples processes by which a computing
device may control one or more cleaning cycles in a
cleaning machine in either a default cycle mode or a
short cycle mode in accordance with the present dis-
closure. It shall be understood, however, that the pro-
cesses shown in FIGS. 11,12, 13A and 13B may be
implemented either alone or in one or more combina-
tions, and that the disclosure is not limited in this re-
spect. For example, if a cleaning machine is pro-
grammed to execute short cleaning cycles during one
or more predetermined time periods, but the number of
cleaning cycles executed during that predetermined
time, or the time(s) between two or more consecutive
cleaning cycles, does not satisfy a corresponding short
cycle threshold, the cleaning machine may return to
default mode during that predetermined time period.
As another example, a cleaning machine may include
one or more short cycle modes (e.g., short cycle mode
1, short cycle mode 2, short cycle mode 3, etc.), each
with its own short cycle cleaning parameters, including
cleaning cycle duration, wash temperature, rinse tem-
perature, product amount, etc. The particular short cy-
cle may be selected depending upon the desired
throughput of the cleaning machine, the number of
cleaning cycles per unit time during a preceding time
period, and/or the time(s) between two or more conse-
cutive cleaning cycles.
[0099] As another example, short cycle mode may
also be used to adjust the cycle parameters to account
for a low product condition. In this example, if a low
product or out of product condition is detected, the
cleaning machine may switch to a short cycle mode in
which the temperature is increased to compensate for
the low amount of product remaining.
[0100] FIG. 14 is a graph showing example tempera-
ture shifts versus time throughout a day for a dishma-
chine that implements short cleaning cycles in accor-
dance with the present disclosure. The data of FIG.14
is representative of the number of dishmachine cycles
executed per unit time for an example restaurant hav-
ing increased traffic at lunch and dinner times, during
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which short cleaning cycles are enabled to increase
throughput of the dishmachine. The throughput of the
machine is indicated in the lower section of the graph,
where each vertical line corresponds to a cleaning cy-
cle executed by the dishmachine.
[0101] In FIG. 14, short cycles have been implemen-
ted during time period B (corresponding to a lunch time
of between 11:00am and 1:00pm) and then again dur-
ing time period D (corresponding to a dinner time of
between 5:30pm and 7:30pm). Default cycles are im-
plemented during time periods A (before 11:00am), C
(between 1:00pm and 5:30pm), and E (after 7:30pm).
During time period A, the machine is running in default
cycle mode using a default temperature of about 160 F.
At 11:00am, the machine switches to short cycle mode,
during which the wash cycle duration is reduced, thus
increasing the throughput of the machine during time
period B as indicated by the increase in the number of
cycles per unit time during this time period. During this
time, the wash temperature is increased from the de-
fault temperature of 160 F to a short cleaning cycle
temperature of 166 F to ensure adequate cleaning and
sanitization due to the shortened duration of the short
cleaning cycle.
[0102] At 1:00pm the machine switches back to de-
fault cycle mode, during which the wash cycle duration
is increased and the wash temperature is reduced to
160 F, thus reducing the throughput of the machine
during time period C as indicated in the lower portion
of the graph. At 5:30pm, the machine switches to short
cycle mode once again, decreasing the duration of the
wash cycle so as to increase the throughput of the
machine during time period D as indicated by the in-
crease in the number of cycles per unit time during this
time period. During this time, the wash temperature is
increased from the default temperature of 160 F to a
short cleaning cycle temperature of 166 F to ensure
adequate cleaning and sanitization due to the shor-
tened duration of the short cleaning cycle. Finally, at
7:30pm, the machine switches back to default cycle
mode, during which the wash cycle duration is in-
creased and the wash temperature is reduced back to
160 F, thus reducing the throughput of the machine
during time period E.
[0103] FIG. 15 is a graph showing example detergent
concentration parameter shifts versus time throughout
a day for a dishmachine that implements short cleaning
cycles in accordance with the present disclosure. The
data of FIG.15 is representative of the number of dish-
machine cycles executed per unit time for an example
restaurant having increased traffic at lunch and dinner
times, during which short cleaning cycles are enabled
to increase throughput of the dishmachine. As with FIG.
14, the throughput of the machine is indicated in the
lower section of the graph, where each vertical line
corresponds to a cleaning cycle executed by the dish-
machine.
[0104] In FIG. 15, short cycles have again been im-

plemented during time period B (corresponding to a
lunch time of between 11:00am and 1:00pm) and then
again during time period D (corresponding to a dinner
time of between 5:30pm and 7:30pm). Default cycles
are implemented during time periods A (before
11:00am), C (between 1:00pm and 5:30pm), and E
(after 7:30pm). During time period A, the machine is
running in default cycle mode using 100% of a default
detergent concentration. At 11:00am, the machine
switches to short cycle mode, during which the wash
cycle duration is reduced, thus increasing the through-
put of the machine during time period B as indicated by
the increase in the number of cycles per unit time dur-
ing this time period. During this time, the detergent con-
centration is increased by 10% from 100% of the de-
fault detergent concentration to 110% of the default de-
tergent concentration to ensure adequate cleaning and
sanitization during the short cleaning cycle.
[0105] At 1:00pm the machine switches back to de-
fault cycle mode, during which the wash cycle duration
is increased back to the duration established by the
default cycle duration parameter and the detergent
concentration is reduced back to 100% of the default
parameter, thus reducing the throughput of the ma-
chine during time period C as indicated in the lower
portion of the graph. At 5:30pm, the machine switches
to short cycle mode once again, decreasing the dura-
tion of the wash cycle so as to increase the throughput
of the machine during time period D as indicated by the
increase in the number of cycles per unit time during
this time period. During this time, the detergent concen-
tration is increased by 10% to 110% of the default de-
tergent concentration to ensure adequate cleaning and
sanitization due to the shortened duration of the clean-
ing cycles during time period D. Finally, at 7:30pm, the
machine switches back to default cycle mode, during
which the wash cycle duration is increased and the
detergent concentration is reduced back to 100% of
the default detergent concentration, thus reducing the
throughput of the machine during time period E.
[0106] FIG. 16 is a graph showing an example of how
both temperature and detergent concentration para-
meters may be shifted in order to implement short
cleaning cycles in a dishmachine in accordance with
the present disclosure. The data of FIG.16 is represen-
tative of the number of dishmachine cycles executed
per unit time for an example restaurant having in-
creased traffic at lunch and dinner times, during which
short cleaning cycles are enabled to increase through-
put of the dishmachine. The throughput of the machine
is indicated in the lower section of the graph, where
each vertical line corresponds to a cleaning cycle exe-
cuted by the dishmachine.
[0107] In FIG. 16, short cycles have been implemen-
ted during time period B (corresponding to a lunch time
of between 11:00am and 1:00pm) and then again dur-
ing time period D (corresponding to a dinner time of
between 5:30pm and 7:30pm). Default cycles are im-
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plemented during time periods A (before 11:00am), C
(between 1:00pm and 5:30pm), and E (after 7:30pm).
During time period A, the machine is running in default
cycle mode using a default temperature of about 160 F
and 100% of the default detergent concentration. At
11:00am, the machine switches to short cycle mode,
during which the wash cycle duration is reduced, thus
increasing the throughput of the machine during time
period B as indicated by the increase in the number of
cycles per unit time during this time period. During this
time, the detergent concentration is increased to 110%
of the default detergent concentration and the wash
temperature is increased from the default temperature
of 160 F to a short cleaning cycle temperature of about
167 F to ensure adequate cleaning and sanitization due
to the shortened duration of the short cleaning cycle.
[0108] At 1:00pm the machine switches back to de-
fault cycle mode, during which the wash cycle duration
is increased, thus reducing the throughput of the ma-
chine during time period C as indicated in the lower
portion of the graph. In addition, the wash temperature
is reduced to 160 F and the detergent concentration is
reduced to 100 of the default detergent concentration.
At 5:30pm, the machine switches to short cycle mode
once again, decreasing the duration of the wash cycle
so as to increasing the throughput of the machine dur-
ing time period D as indicated by the increase in the
number of cycles per unit time during this time period.
In addition, the wash temperature is increased from the
default temperature of 160 F to a short cleaning cycle
temperature of 167 F and the detergent concentration
is increased to 100% of the default detergent concen-
tration to ensure adequate cleaning and sanitization
due to the shortened duration of the short cleaning cy-
cle. Finally, at 7:30pm, the machine switches back to
default cycle mode, during which the wash cycle dura-
tion is increased, thus reducing the throughput of the
machine during time period E. Also, the wash tempera-
ture is reduced to 160 F and the detergent concentra-
tion is reduced to 100% of the default detergent con-
centration.
[0109] FIG. 17A is a graph showing another example
of how both temperature and detergent concentration
parameter may be shifted in order to implement short
cleaning cycles in a dishmachine in accordance with
the present disclosure. As with FIGS. 14‑16, the data
of FIG.17A is representative of the number of dishma-
chine cycles executed per unit time for an example
restaurant having increased traffic at lunch and dinner
times, during which short cleaning cycles are enabled
to increase throughput of the dishmachine. The
throughput of the machine is indicated in the lower sec-
tion of the graph, where each vertical line corresponds
to a cleaning cycle executed by the dishmachine.
[0110] In FIG. 17A, short cycles have been imple-
mented during time period B (corresponding to a lunch
time of between 11:00am and 1:00pm) and then again
during time period D (corresponding to a dinner time of

between 5:30pm and 7:30pm). Default cycles are im-
plemented during time periods A (before 11:00am), C
(between 1:00pm and 5:30pm), and E (after 7:30pm).
During time period A, the machine is running in default
cycle mode using a default temperature of about 160 F
and 100% of the default detergent concentration. At
11:00am, the machine switches to short cycle mode,
during which the wash cycle duration is reduced, thus
increasing the throughput of the machine during time
period B as indicated by the increase in the number of
cycles per unit time during this time period. During this
time, the detergent concentration is increased first to
110% of the default detergent concentration and then
later to 120% of the default detergent concentration.
Also, the machine temperature is increased from the
default temperature of 160 F to a short cleaning cycle
temperature of about 170 F and then later to about 165
F to ensure adequate cleaning and sanitization due to
the shortened duration of the short cleaning cycle.
[0111] At 1:00pm the machine switches back to de-
fault cycle mode, during which the wash cycle duration
is increased, thus reducing the throughput of the ma-
chine during time period C as indicated in the lower
portion of the graph. In addition, the wash temperature
is reduced to 160 F and the detergent concentration is
reduced to 100 of the default detergent concentration.
At 5:30pm, the machine switches to short cycle mode
once again, decreasing the duration of the wash cycle
so as to increasing the throughput of the machine dur-
ing time period D as indicated by the increase in the
number of cycles per unit time during this time period.
In addition, the detergent concentration is increased to
120% of the default detergent concentration and then
later to 110% of the default detergent concentration.
Also, during time period D, the wash temperature is first
increased from the default temperature of 160 F to a
short cleaning cycle temperature of 165 F and then
later increased again to a short cycle cleaning cycle
temperature of 170 F.
[0112] Finally, at 7:30pm, the machine switches back
to default cycle mode, during which the wash cycle
duration is increased, thus reducing the throughput of
the machine during time period E. Also, the wash tem-
perature is reduced to 160 F and the detergent concen-
tration is reduced to 100% of the default detergent con-
centration.
[0113] FIG. 17B is a graph showing the data of FIG.
17A for the 10:00AM to 2:00PM time period. During
time period A’ the machine is in default cycle mode,
during time period B the machine is in short cycle
mode, and during time C’ the machine is in default
cycle mode. FIG. 17B illustrates how the throughput of
the dishmachine is increased when short cycle modes
are implemented. This is illustrated by the increase in
the number of cycles per unit time during time period B
as compared to time periods A’ and C’.
[0114] The examples of FIG. 17A and 17B illustrate
that various combinations of increased temperature
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and detergent concentrations may be implemented dur-
ing a short-cycle period. For example, the shortened
cycle increases to 120% detergent concentration, the
temperature may not need to increase high as 170F,
so the temperature can be backed down to 165F to
save energy. Similarly, if the short cycle temperature is
at 170F, then the detergent concentration may only
need to be increased by 110% to achieve adequate
cleaning and sanitization. A combination of tempera-
ture and detergent concentration increases may be
useful in accounts with poor procedures and/or high
food soil amounts accumulating in their sump.
[0115] The examples described herein illustrate that
implementation of shortened cleaning cycles in which
the duration of the cleaning cycle is relatively shorter
than a default cleaning cycle may help to increase
throughput of an automated cleaning machine, while
adjusting other cleaning process parameters, such as
wash temperature and/or detergent concentration, to
ensure that the wares subjected to the short cleaning
process are adequately cleaned and/or sanitized. The
short cleaning cycles may thus be useful during busy,
high volume periods at restaurant or other food pre-
paration or service location so that more cycles may
be executed per unit time, while simultaneously ensur-
ing a satisfactory cleaning and/or sanitizing result. In
addition, in some examples, by implementing shor-
tened cleaning cycles during high volume periods when
increased throughput is desired or helpful, the short
cleaning cycle enabled cleaning machines may still ob-
tain energy and/or cost savings by remaining in default
cycle mode, in which the cleaning process parameters
are optimized for energy and or product usage, at other
times when increased throughput is not wanted or
needed.
[0116] Although the examples presented herein are
described with respect to automated cleaning ma-
chines for use in food preparation/processing applica-
tions (e.g., dish machines or ware wash machines), it
shall be understood that the cleaning process verifica-
tion techniques described herein may be applied to a
variety of other applications. Such applications may in-
clude, for example, food and/or beverage processing
equipment, laundry applications, agricultural applica-
tions, hospitality applications, and/or any other applica-
tion in which cleaning, disinfecting, or sanitizing of arti-
cles may be useful.
[0117] In one or more examples, the functions de-
scribed herein may be implemented in hardware, soft-
ware, firmware, or any combination thereof. If imple-
mented in software, the functions may be stored on or
transmitted over, as one or more instructions or code, a
computer-readable medium and executed by a hard-
ware-based processing unit. Computer-readable media
may include computer-readable storage media, which
corresponds to a tangible medium such as data storage
media, or communication media including any medium
that facilitates transfer of a computer program from one

place to another, e.g., according to a communication
protocol. In this manner, computer-readable media
generally may correspond to (1) tangible computer-
readable storage media, which is non-transitory or (2)
a communication medium such as a signal or carrier
wave. Data storage media may be any available media
that can be accessed by one or more computers or one
or more processors to retrieve instructions, code and/or
data structures for implementation of the techniques
described in this disclosure. A computer program pro-
duct may include a computer-readable medium.
[0118] By way of example, and not limitation, such
computer-readable storage media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk sto-
rage, magnetic disk storage, or other magnetic storage
devices, flash memory, or any other medium that can
be used to store desired program code in the form of
instructions or data structures and that can be ac-
cessed by a computer. Also, any connection is properly
termed a computer-readable medium. For example, if
instructions are transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic
cable, twisted pair, digital subscriber line (DSL), or wire-
less technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared,
radio, and microwave are included in the definition of
medium. It should be understood, however, that com-
puter-readable storage media and data storage media
do not include connections, carrier waves, signals, or
other transient media, but are instead directed to non-
transient, tangible storage media. Disk and disc, as
used, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-
ray disc, where disks usually reproduce data magneti-
cally, while discs reproduce data optically with lasers.
Combinations of the above should also be included
within the scope of computer-readable media.
[0119] Instructions may be executed by one or more
processors, such as one or more digital signal proces-
sors (DSPs), general purpose microprocessors, appli-
cation specific integrated circuits (ASICs), field pro-
grammable logic arrays (FPGAs), or other equivalent
integrated or discrete logic circuitry. Accordingly, the
term "processor," as used may refer to any of the fore-
going structure or any other structure suitable for imple-
mentation of the techniques described. In addition, in
some examples, the functionality described may be
provided within dedicated hardware and/or software
modules. Also, the techniques could be fully implemen-
ted in one or more circuits or logic elements.
[0120] The techniques of this disclosure may be im-
plemented in a wide variety of devices or apparatuses,
including a wireless handset, an integrated circuit (IC)
or a set of ICs (e.g., a chip set). Various components,
modules, or units are described in this disclosure to
emphasize functional aspects of devices configured to
perform the disclosed techniques, but do not necessa-

5

10

15

20

25

30

35

40

45

50

55



20

37 EP 4 825 299 A1 38

rily require realization by different hardware units.
Rather, as described above, various units may be com-
bined in a hardware unit or provided by a collection of
interoperative hardware units, including one or more
processors as described above, in conjunction with sui-
table software and/or firmware.
[0121] It is to be recognized that depending on the
example, certain acts or events of any of the methods
described herein can be performed in a different se-
quence, may be added, merged, or left out altogether
(e.g., not all described acts or events are necessary for
the practice of the method). Moreover, in certain exam-
ples, acts or events may be performed concurrently,
e.g., through multi-threaded processing, interrupt pro-
cessing, or multiple processors, rather than sequen-
tially.
[0122] In some examples, a computer-readable sto-
rage medium may include a non-transitory medium.
The term "non-transitory" may indicate that the storage
medium is not embodied in a carrier wave or a propa-
gated signal. In certain examples, a non-transitory sto-
rage medium may store data that can, over time,
change (e.g., in RAM or cache).

EXAMPLES

[0123] Example 1. An automated cleaning machine
comprising at least one processor; at least one storage
device that stores default cleaning cycle parameters
and short cleaning cycle parameters, wherein the short
cleaning cycle parameters include a total cycle duration
that is relatively less than a total cycle duration of the
default cleaning cycle; the at least one storage device
further comprising instructions executable by the at
least one processor to: control execution by the clean-
ing machine of at least one cleaning cycle using the
default cleaning cycle parameters; determine a number
of cleaning cycles executed during a predetermined
period of time; compare the determined number of
cleaning cycles to a predetermined short cycle thresh-
old; in response to the determined number of cleaning
cycles being greater than the predetermined short cy-
cle threshold, control execution of at least one subse-
quent cleaning cycle using the short cycle cleaning pro-
cess parameters.
[0124] Example 2. The automated cleaning machine
of Example 1, wherein the one or more default cleaning
cycle parameters include at least one of a default wash
phase duration, a default rinse phase duration, a de-
fault detergent concentration, a default wash water
temperature and a default rinse water temperature, the
one or more short cleaning cycle parameters include at
least one of a short cycle wash phase duration, a short
cycle rinse phase duration, a short cycle detergent con-
centration, a short cycle wash water temperature and a
short cycle rinse water temperature, and wherein the
short cycle wash water temperature is relatively higher
than the default wash water temperature.

[0125] Example 3. The automated cleaning machine
of Example 2, wherein the short cycle detergent con-
centration is relatively higher than the default detergent
concentration.
[0126] Example 4. The automated cleaning machine
of Example 2, wherein the short cycle rinse water tem-
perature is relatively higher than the default rinse water
temperature.
[0127] Example 5. The automated cleaning machine
of Example 2, wherein the short cycle wash phase
duration is relatively less than the default wash phase
duration.
[0128] Example 6. The automated cleaning machine
of Example 2, wherein the short cycle wash phase
duration and the short cycle wash water temperature
are sufficient to transfer at least 3600 Heat Unit Equiva-
lents (HUEs) to the articles in the wash chamber of the
automated cleaning machine.
[0129] Example 7. The automated cleaning machine
of Example 2, wherein the short cycle detergent con-
centration is relatively higher than the default detergent
concentration, and wherein the short cycle wash phase
duration, the short cycle wash water temperature, and
the short cycle detergent concentration are sufficient to
effectively clean the articles in the wash chamber of the
automated cleaning machine.
[0130] Example 8. The automated cleaning machine
of Example 1, the at least one storage device further
comprising instructions executable by the at least one
processor to: control execution of one or more cleaning
cycles in the wash chamber of the cleaning machine in
either a default cycle mode or a short cycle mode; in
default cycle mode, control execution of at least one
cleaning cycle in the wash chamber of the cleaning
machine using the default cleaning cycle parameters;
and in short cycle mode, control execution of at least
one cleaning cycle in the wash chamber of the cleaning
machine using the short cleaning cycle parameters.
[0131] Example 9. The automated cleaning machine
of Example 1, the at least one storage device further
comprising instructions executable by the at least one
processor to: in response to the determined number of
cleaning cycles being less than the predetermined
short cycle threshold, control execution of at least one
subsequent cleaning cycle using the default cycle
cleaning process parameters.
[0132] Example 10. An automated cleaning machine
comprising a wash chamber configured to receive one
or more articles to be cleaned; a controller that controls
execution of one or more cleaning cycles in the wash
chamber of the cleaning machine in one of a default
cycle mode or a short cycle mode, the controller com-
prising: at least one processor; at least one storage
device that stores default cleaning cycle parameters
associated with the default cycle mode and short clean-
ing cycle parameters associated with the short cycle
mode, wherein the short cleaning cycle parameters in-
clude a total cycle duration that is less than a total cycle
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duration of the default cleaning cycle; the at least one
storage device further comprising instructions executa-
ble by the at least one processor to: control execution
by the cleaning machine of at least one cleaning cycle
in default cycle mode using the default cleaning cycle
parameters; determine a number of cleaning cycles
executed during a predetermined period of time; com-
pare the determined number of cleaning cycles to a
predetermined short cycle threshold; in response to
the determined number of cleaning cycles being great-
er than the predetermined short cycle threshold, control
execution of at least one subsequent cleaning cycle in
short cycle mode using the short cycle cleaning pro-
cess parameters.
[0133] Example 11. An automated cleaning machine
comprising: at least one processor; at least one storage
device that stores default cleaning cycle parameters
and short cleaning cycle parameters, wherein the short
cleaning cycle parameters include a total cycle duration
that is relatively less than a total cycle duration of the
default cleaning cycle; the at least one storage device
further comprising instructions executable by the at
least one processor to: control execution by the clean-
ing machine of at least one cleaning cycle using the
default cleaning cycle parameters; determine whether
a current time of day is within a predetermined short
cycle time period; in response to determining that the
current time of day is within the predetermined short
cycle time period, control execution of at least one sub-
sequent cleaning cycle using the short cycle cleaning
process parameters.
[0134] Example 12. The automated cleaning ma-
chine of Example 11, the at least one storage device
further comprising instructions executable by the at
least one processor to: determine a number of cleaning
cycles executed using the short cleaning process para-
meters during a predetermined period of time; compare
the determined number of cleaning cycles to a prede-
termined short cycle threshold; in response to the de-
termined number of cleaning cycles being less than the
predetermined short cycle threshold, control execution
of at least one subsequent cleaning cycle using the
default cycle cleaning process parameters.
[0135] Example 13. The automated cleaning ma-
chine of Example 11, wherein the one or more default
cleaning cycle parameters include at least one of a
default wash phase duration, a default rinse phase
duration, a default detergent concentration, a default
wash water temperature and a default rinse water tem-
perature, the one or more short cleaning cycle para-
meters include at least one of a short cycle wash phase
duration, a short cycle rinse phase duration, a short
cycle detergent concentration, a short cycle wash water
temperature and a short cycle rinse water temperature,
and wherein the short cycle wash water temperature is
relatively higher than the default wash water tempera-
ture.
[0136] Example 14. The automated cleaning ma-

chine of Example 13, wherein the short cycle detergent
concentration is relatively higher than the default deter-
gent concentration.
[0137] Example 15. The automated cleaning ma-
chine of Example 13, wherein the short cycle rinse
water temperature is relatively higher than the default
rinse water temperature.
[0138] Example 16. The automated cleaning ma-
chine of Example 13, wherein the short cycle wash
phase duration is relatively less than the default wash
phase duration.
[0139] Example 17. The automated cleaning ma-
chine of Example 13, wherein the short cycle wash
phase duration and the short cycle wash water tem-
perature are sufficient to transfer at least 3600 Heat
Unit Equivalents (HUEs) to the articles in the wash
chamber of the automated cleaning machine.
[0140] Example 18. The automated cleaning ma-
chine of Example 13, wherein the short cycle detergent
concentration is relatively higher than the default deter-
gent concentration, and wherein the short cycle wash
phase duration, the short cycle wash water tempera-
ture, and the short cycle detergent concentration are
sufficient to effectively clean the articles in the wash
chamber of the automated cleaning machine.
[0141] Example 19. A method comprising storing de-
fault cleaning cycle parameters and short cleaning cy-
cle parameters, wherein the short cleaning cycle para-
meters include a total cycle duration that is relatively
less than a total cycle duration of the default cleaning
cycle; controlling execution by a cleaning machine of at
least one cleaning cycle using the default cleaning cy-
cle parameters; determining a number of cleaning cy-
cles executed during a predetermined period of time;
comparing the determined number of cleaning cycles
to a predetermined short cycle threshold; and in re-
sponse to the determined number of cleaning cycles
being greater than the predetermined short cycle
threshold, controlling execution by the cleaning ma-
chine of at least one subsequent cleaning cycle using
the short cycle cleaning process parameters.
[0142] Example 20. A method comprising storing de-
fault cleaning cycle parameters and short cleaning cy-
cle parameters, wherein the short cleaning cycle para-
meters include a total cycle duration that is relatively
less than a total cycle duration of the default cleaning
cycle; controlling execution by a cleaning machine of at
least one cleaning cycle using the default cleaning cy-
cle parameters; determining whether a current time of
day is within a predetermined short cycle time period; in
response to determining that the current time of day is
within the predetermined short cycle time period, con-
trolling execution of at least one subsequent cleaning
cycle using the short cycle cleaning process para-
meters.
[0143] Example 21. The method of Example 20,
further comprising determining a number of cleaning
cycles executed using the short cleaning process para-
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meters during a predetermined period of time; compar-
ing the determined number of cleaning cycles to a pre-
determined short cycle threshold; in response to the
determined number of cleaning cycles being less than
the predetermined short cycle threshold, controlling ex-
ecution of at least one subsequent cleaning cycle using
the default cycle cleaning process parameters.
[0144] Example 22. A method comprising storing de-
fault cleaning cycle parameters and short cleaning cy-
cle parameters, wherein the short cleaning cycle para-
meters include a total cycle duration that is relatively
less than a total cycle duration of the default cleaning
cycle; controlling execution by a cleaning machine of at
least one cleaning cycle using the default cleaning cy-
cle parameters; determining a time duration between a
plurality of consecutive cleaning cycles executed using
the default cleaning cycle parameters; determining
whether the time durations between at least a predeter-
mined number of the consecutive cleaning cycles satis-
fied a short cycle threshold; and in response to deter-
mining that the time durations between at least the pre-
determined number of sequential cleaning cycles satis-
fied the short cycle threshold, controlling execution by
the cleaning machine of at least one subsequent clean-
ing cycle using the short cycle cleaning process para-
meters.
[0145] Example 23. An automated cleaning machine
comprising at least one processor; at least one storage
device that stores default cleaning cycle parameters
and short cleaning cycle parameters, wherein the short
cleaning cycle parameters include a total cycle duration
that is relatively less than a total cycle duration of the
default cleaning cycle; the at least one storage device
further comprising instructions executable by the at
least one processor to: control execution by a cleaning
machine of cleaning cycles using the default cleaning
cycle parameters; determine a time duration between
consecutive cleaning cycles executed using the default
cleaning cycle parameters; determine whether time
durations between at least a predetermined number of
the consecutive cleaning cycles satisfies a short cycle
threshold; and in response to determining that the time
durations between at least the predetermined number
of sequential cleaning cycles satisfied the short cycle
threshold, control execution by the cleaning machine
of at least one subsequent cleaning cycle using the
short cycle cleaning process parameters.
[0146] The following section of the description relates
to further examples. The numbered paragraphs in this
section are not claims. The claims are set forth below in
the later section headed "claims".

1. An automated cleaning machine comprising:

at least one processor;
at least one storage device that stores default
cleaning cycle parameters and short cleaning
cycle parameters, wherein the short cleaning

cycle parameters include a total cycle duration
that is relatively less than a total cycle duration
of the default cleaning cycle;
the at least one storage device further com-
prising instructions executable by the at least
one processor to:

control execution by the cleaning machine
of at least one cleaning cycle using the
default cleaning cycle parameters;
determine a number of cleaning cycles
executed during a predetermined period
of time;
compare the determined number of clean-
ing cycles to a predetermined short cycle
threshold;
in response to the determined number of
cleaning cycles being greater than the pre-
determined short cycle threshold, control
execution of at least one subsequent
cleaning cycle using the short cycle clean-
ing process parameters.

2. The automated cleaning machine of clause 1,
wherein the one or more default cleaning cycle
parameters include at least one of a default wash
phase duration, a default rinse phase duration, a
default detergent concentration, a default wash
water temperature and a default rinse water tem-
perature,

the one or more short cleaning cycle para-
meters include at least one of a short cycle
wash phase duration, a short cycle rinse
phase duration, a short cycle detergent con-
centration, a short cycle wash water tempera-
ture and a short cycle rinse water temperature,
and
wherein the short cycle wash water tempera-
ture is relatively higher than the default wash
water temperature.

3. The automated cleaning machine of clause 2,
wherein the short cycle detergent concentration is
relatively higher than the default detergent concen-
tration.
4. The automated cleaning machine of clause 2,
wherein the short cycle rinse water temperature is
relatively higher than the default rinse water tem-
perature.
5. The automated cleaning machine of clause 2,
wherein the short cycle wash phase duration is re-
latively less than the default wash phase duration.
6. The automated cleaning machine of clause 2,
wherein the short cycle wash phase duration and
the short cycle wash water temperature are suffi-
cient to transfer at least 3600 Heat Unit Equiva-
lents (HUEs) to the articles in the wash chamber
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of the automated cleaning machine.
7. The automated cleaning machine of clause 2,
wherein the short cycle detergent concentration is
relatively higher than the default detergent concen-
tration, and wherein the short cycle wash phase
duration, the short cycle wash water temperature,
and the short cycle detergent concentration are
sufficient to effectively clean the articles in the
wash chamber of the automated cleaning machine.
8. The automated cleaning machine of clause 1,
the at least one storage device further comprising
instructions executable by the at least one proces-
sor to:

control execution of one or more cleaning cy-
cles in the wash chamber of the cleaning ma-
chine in either a default cycle mode or a short
cycle mode;
in default cycle mode, control execution of at
least one cleaning cycle in the wash chamber
of the cleaning machine using the default
cleaning cycle parameters; and
in short cycle mode, control execution of at
least one cleaning cycle in the wash chamber
of the cleaning machine using the short clean-
ing cycle parameters.

9. The automated cleaning machine of clause 1,
the at least one storage device further comprising
instructions executable by the at least one proces-
sor to:
in response to the determined number of cleaning
cycles being less than the predetermined short cy-
cle threshold, control execution of at least one sub-
sequent cleaning cycle using the default cycle
cleaning process parameters.
10. An automated cleaning machine comprising:

a wash chamber configured to receive one or
more articles to be cleaned;
a controller that controls execution of one or
more cleaning cycles in the wash chamber of
the cleaning machine in one of a default cycle
mode or a short cycle mode, the controller
comprising:

at least one processor;
at least one storage device that stores de-
fault cleaning cycle parameters associated
with the default cycle mode and short
cleaning cycle parameters associated with
the short cycle mode, wherein the short
cleaning cycle parameters include a total
cycle duration that is less than a total cycle
duration of the default cleaning cycle;
the at least one storage device further
comprising instructions executable by the
at least one processor to:

control execution by the cleaning ma-
chine of at least one cleaning cycle in
default cycle mode using the default
cleaning cycle parameters;
determine a number of cleaning cy-
cles executed during a predetermined
period of time;
compare the determined number of
cleaning cycles to a predetermined
short cycle threshold;
in response to the determined number
of cleaning cycles being greater than
the predetermined short cycle thresh-
old, control execution of at least one
subsequent cleaning cycle in short cy-
cle mode using the short cycle clean-
ing process parameters.

11. An automated cleaning machine comprising:

at least one processor;
at least one storage device that stores default
cleaning cycle parameters and short cleaning
cycle parameters, wherein the short cleaning
cycle parameters include a total cycle duration
that is relatively less than a total cycle duration
of the default cleaning cycle;
the at least one storage device further com-
prising instructions executable by the at least
one processor to:

control execution by the cleaning machine
of at least one cleaning cycle using the
default cleaning cycle parameters;
determine whether a current time of day is
within a predetermined short cycle time
period;
in response to determining that the current
time of day is within the predetermined
short cycle time period, control execution
of at least one subsequent cleaning cycle
using the short cycle cleaning process
parameters.

12. The automated cleaning machine of clause 11,
the at least one storage device further comprising
instructions executable by the at least one proces-
sor to:

determine a number of cleaning cycles exe-
cuted using the short cleaning process para-
meters during a predetermined period of time;
compare the determined number of cleaning
cycles to a predetermined short cycle thresh-
old;
in response to the determined number of
cleaning cycles being less than the predeter-
mined short cycle threshold, control execution
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of at least one subsequent cleaning cycle
using the default cycle cleaning process para-
meters.

13. The automated cleaning machine of clause 11,
wherein the one or more default cleaning cycle
parameters include at least one of a default wash
phase duration, a default rinse phase duration, a
default detergent concentration, a default wash
water temperature and a default rinse water tem-
perature,

the one or more short cleaning cycle para-
meters include at least one of a short cycle
wash phase duration, a short cycle rinse
phase duration, a short cycle detergent con-
centration, a short cycle wash water tempera-
ture and a short cycle rinse water temperature,
and
wherein the short cycle wash water tempera-
ture is relatively higher than the default wash
water temperature.

14. The automated cleaning machine of clause 13,
wherein the short cycle detergent concentration is
relatively higher than the default detergent concen-
tration.
15. The automated cleaning machine of clause 13,
wherein the short cycle rinse water temperature is
relatively higher than the default rinse water tem-
perature.
16. The automated cleaning machine of clause 13,
wherein the short cycle wash phase duration is re-
latively less than the default wash phase duration.
17. The automated cleaning machine of clause 13,
wherein the short cycle wash phase duration and
the short cycle wash water temperature are suffi-
cient to transfer at least 3600 Heat Unit Equiva-
lents (HUEs) to the articles in the wash chamber
of the automated cleaning machine.
18. The automated cleaning machine of clause 13,
wherein the short cycle detergent concentration is
relatively higher than the default detergent concen-
tration, and wherein the short cycle wash phase
duration, the short cycle wash water temperature,
and the short cycle detergent concentration are
sufficient to effectively clean the articles in the
wash chamber of the automated cleaning machine.
19. A method comprising:

storing default cleaning cycle parameters and
short cleaning cycle parameters, wherein the
short cleaning cycle parameters include a total
cycle duration that is relatively less than a total
cycle duration of the default cleaning cycle;
controlling execution by a cleaning machine of
at least one cleaning cycle using the default
cleaning cycle parameters;

determining a number of cleaning cycles exe-
cuted during a predetermined period of time;
comparing the determined number of cleaning
cycles to a predetermined short cycle thresh-
old; and
in response to the determined number of
cleaning cycles being greater than the prede-
termined short cycle threshold, controlling ex-
ecution by the cleaning machine of at least one
subsequent cleaning cycle using the short cy-
cle cleaning process parameters.

20. A method comprising:

storing default cleaning cycle parameters and
short cleaning cycle parameters, wherein the
short cleaning cycle parameters include a total
cycle duration that is relatively less than a total
cycle duration of the default cleaning cycle;
controlling execution by a cleaning machine of
at least one cleaning cycle using the default
cleaning cycle parameters;
determining whether a current time of day is
within a predetermined short cycle time period;
in response to determining that the current
time of day is within the predetermined short
cycle time period, controlling execution of at
least one subsequent cleaning cycle using the
short cycle cleaning process parameters.

21. The method of clause 20, further comprising:

determining a number of cleaning cycles exe-
cuted using the short cleaning process para-
meters during a predetermined period of time;
comparing the determined number of cleaning
cycles to a predetermined short cycle thresh-
old;
in response to the determined number of
cleaning cycles being less than the predeter-
mined short cycle threshold, controlling execu-
tion of at least one subsequent cleaning cycle
using the default cycle cleaning process para-
meters.

22. A method comprising:

storing default cleaning cycle parameters and
short cleaning cycle parameters, wherein the
short cleaning cycle parameters include a total
cycle duration that is relatively less than a total
cycle duration of the default cleaning cycle;
controlling execution by a cleaning machine of
cleaning cycles using the default cleaning cy-
cle parameters;
determining a time duration between consecu-
tive cleaning cycles executed using the default
cleaning cycle parameters;
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determining whether time durations between
at least a predetermined number of the conse-
cutive cleaning cycles satisfies a short cycle
threshold; and

in response to determining that the time durations
between at least the predetermined number of se-
quential cleaning cycles satisfied the short cycle
threshold, controlling execution by the cleaning
machine of at least one subsequent cleaning cycle
using the short cycle cleaning process parameters.
23. An automated cleaning machine comprising:

at least one processor;
at least one storage device that stores default
cleaning cycle parameters and short cleaning
cycle parameters, wherein the short cleaning
cycle parameters include a total cycle duration
that is relatively less than a total cycle duration
of the default cleaning cycle;
the at least one storage device further com-
prising instructions executable by the at least
one processor to:

control execution by a cleaning machine of
cleaning cycles using the default cleaning
cycle parameters;
determine a time duration between conse-
cutive cleaning cycles executed using the
default cleaning cycle parameters;
determine whether time durations be-
tween at least a predetermined number of
the consecutive cleaning cycles satisfies a
short cycle threshold; and
in response to determining that the time
durations between at least the predeter-
mined number of sequential cleaning cy-
cles satisfied the short cycle threshold,
control execution by the cleaning machine
of at least one subsequent cleaning cycle
using the short cycle cleaning process
parameters.

Various examples have been described. These and
other examples are within the scope of the following
claims.

Claims

1. An automated cleaning machine comprising:

at least one processor; and
at least one storage device that stores one or
more default cleaning cycle parameters and
one or more short cleaning cycle parameters,
wherein the short cleaning cycle parameters
include a total cycle duration that is less than

a total cycle duration of a default cleaning cy-
cle;
the at least one storage device further com-
prising instructions executable by the at least
one processor to:

control execution by the cleaning machine
of first cleaning cycles using the one or
more default cleaning cycle parameters;
determine first time durations between
consecutive first cleaning cycles executed
using the default cleaning cycle para-
meters;
determine that the first time durations be-
tween at least a predetermined number of
the consecutive first cleaning cycles satis-
fy a short cycle threshold;
in response to determining that the first
time durations satisfy the short cycle
threshold, control execution by the clean-
ing machine of at least one first subse-
quent cleaning cycle using the one or
more short cleaning cycle parameters;
control execution by the cleaning machine
of consecutive second cleaning cycles
executed using the one or more short
cleaning cycle parameters, wherein the
consecutive second cleaning cycles in-
clude the predetermined number of the
consecutive second cleaning cycles,
wherein the consecutive second cleaning
cycles include the at least one first subse-
quent cleaning cycle, and wherein the
cleaning cycles of the consecutive second
cleaning cycles have shorter total cycle
durations than the cleaning cycles of the
first cleaning cycles;
determine second time durations between
the consecutive second cleaning cycles;
determine that the second time durations
between at least the predetermined num-
ber of the consecutive second cleaning cy-
cles do not satisfy the short cycle thresh-
old; and
in response to determining that the second
time durations do not satisfy the short cy-
cle threshold, control execution by the
cleaning machine of at least one second
subsequent cleaning cycle using the one
or more default cleaning cycle para-
meters, wherein each cleaning cycle of
the at least one second subsequent clean-
ing cycle has a longer total duration than
each of the cleaning cycles of the conse-
cutive second cleaning cycles.

2. The automated cleaning machine of claim 1,
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wherein the one or more default cleaning cycle
parameters specify at least one of a default
wash phase duration, a default rinse phase
duration, a default detergent concentration, a
default wash water temperature, or a default
rinse water temperature,
wherein the one or more short cleaning cycle
parameters specify at least one of a short cy-
cle wash phase duration, a short cycle rinse
phase duration, a short cycle detergent con-
centration, a short cycle wash water tempera-
ture, or a short cycle rinse water temperature,
and
wherein the short cycle wash water tempera-
ture is relatively higher than the default wash
water temperature.

3. The automated cleaning machine of claim 2,

wherein the short cycle detergent concentra-
tion is relatively higher than the default deter-
gent concentration,
wherein the short cycle rinse water tempera-
ture is relatively higher than the default rinse
water temperature, or
wherein the short cycle wash phase duration is
relatively less than the default wash phase
duration.

4. The automated cleaning machine of claim 2,
wherein the short cycle wash phase duration and
the short cycle wash water temperature are suffi-
cient to transfer at least 3600 Heat Unit Equiva-
lents (HUEs) to articles in a wash chamber of the
automated cleaning machine.

5. The automated cleaning machine of claim 1,
wherein the predetermined number of the consecu-
tive first cleaning cycles is based on a type of the
automated cleaning machine.

6. The automated cleaning machine of claim 1,
wherein the short cycle threshold is based on a
type of the automated cleaning machine.

7. A method comprising:

storing one or more default cleaning cycle
parameters and one or more short cleaning
cycle parameters, wherein the short cleaning
cycle parameters include a total cycle duration
that is relatively less than a total cycle duration
of a default cleaning cycle;
controlling execution, by an automated clean-
ing machine, of first cleaning cycles using the
one or more default cleaning cycle para-
meters;
determining first time durations between con-

secutive first cleaning cycles executed using
the default cleaning cycle parameters;
determining that the first time durations be-
tween at least a predetermined number of the
consecutive first cleaning cycles satisfy a short
cycle threshold; and
in response to determining that the first time
durations satisfy the short cycle threshold,
control execution, by the automated cleaning
machine, of at least one first subsequent
cleaning cycle using the one or more short
cleaning cycle parameters;
control execution, by the automated cleaning
machine, of consecutive second cleaning cy-
cles executed using the one or more short
cleaning cycle parameters, wherein the conse-
cutive second cleaning cycles include the pre-
determined number of the consecutive second
cleaning cycles, wherein the consecutive sec-
ond cleaning cycles include the at least one
first subsequent cleaning cycle, and wherein
the cleaning cycles of the consecutive second
cleaning cycles have shorter total cycle dura-
tions than the cleaning cycles of the consecu-
tive first cleaning cycles;
determining second time durations between
consecutive second cleaning cycles executed
using the short cleaning cycle parameters;
determining that the second time durations be-
tween at least the predetermined number of
the consecutive second cleaning cycles do not
satisfy the short cycle threshold; and
in response to determining that the second
time durations do not satisfy the short cycle
threshold, controlling execution, by the auto-
mated cleaning machine, of at least one sec-
ond subsequent cleaning cycle using the one
or more default cleaning cycle parameters,
wherein each cleaning cycle of the at least
one second subsequent cleaning cycle has a
longer total duration than each of the cleaning
cycles of the consecutive second cleaning cy-
cles.

8. The method of claim 7,

wherein the one or more default cleaning cycle
parameters specify at least one of a default
wash phase duration, a default rinse phase
duration, a default detergent concentration, a
default wash water temperature, or a default
rinse water temperature,
wherein the one or more short cleaning cycle
parameters specify at least one of a short cy-
cle wash phase duration, a short cycle rinse
phase duration, a short cycle detergent con-
centration, a short cycle wash water tempera-
ture, or a short cycle rinse water temperature,
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and
wherein the short cycle wash water tempera-
ture is relatively higher than the default wash
water temperature.

9. The method of claim 8,

wherein the short cycle detergent concentra-
tion is relatively higher than the default deter-
gent concentration,
wherein the short cycle rinse water tempera-
ture is relatively higher than the default rinse
water temperature, or
wherein the short cycle wash phase duration is
relatively less than the default wash phase
duration.

10. The method of claim 8, wherein the short cycle
wash phase duration and the short cycle wash
water temperature are sufficient to transfer at least
3600 Heat Unit Equivalents (HUEs) to articles in a
wash chamber of the automated cleaning machine.

11. The method of claim 7, wherein the predetermined
number of the consecutive first cleaning cycles is
based on a type of the automated cleaning ma-
chine.

12. The method of claim 7, wherein the short cycle
threshold is based on a type of the automated
cleaning machine.
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