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RETAIL STORE CHECKOUT SYSTEM AND METHOD

TECHNICAL FIELD

[0001] The following disclosure relates to retail store checkout systems and methods.

BACKGROUND

[0002] Shopping in a retail store involves the gathering of product items for purchase by a

customer navigating about the store. The product items the customer intends to purchase

are placed in a shopping receptacle such as a shopping cart or basket. After having gathered

all the product items for purchase in the shopping receptacle, the customer proceeds to a

point-of-sale or checkout terminal for starting a checkout process. At the checkout terminal,

the customer takes the product items for purchase out from the shopping receptacle and

places them on a counter for barcode-scanning by the cashier to determine the total amount

due for payment. Barcode-scanned product items are bagged and then removed by the

customer from the retail store once the payment process is completed.

[0003] Some retail stores may be partially or fully equipped with self-checkout terminals in

which the product items are barcode scanned by the customer to facilitate the above-

described checkout process. The use of self-checkout terminals allow a retailer to increase

the number of checkout terminals and, thereby, reduce the number of persons waiting in a

waiting queue. However, self-checkout terminals may require the introduction of additional

security measures to prevent scanning errors and theft.

SUMMARY

[0004] Aspects of embodiments relate to a retail checkout system and method. According

to a an embodiment, the retail checkout system allows a plurality of customers to checkout

one or more product items of at least one set of product items of a given type that has an

estimated mean weight and a deviation from the estimated mean weight associated with

the set of product items.

[0005] In Example 1, the system comprises a retail checkout weight scale; and a checkout

engine that is operative to determine a mean anticipated cumulative weight and a

distribution from the mean anticipated cumulative weight for at least one product item for

which a customer initiated the acquisition of respective weight-information; determine a



factual cumulative weight of a customer's shopping receptacle placed on the retail checkout

weight scale of the retail checkout system; and to determine whether the factual cumulative

weight meets a checkout criterion with respect to the distribution from the mean

anticipated cumulative weight.

[0006] Example 2 includes the subject matter of Example 1 and, optionally, wherein the

checkout engine is further operative to monitor the shopping behaviour of a customer and,

based on the monitored shopping behaviour, associate a shopping pattern to the customer.

[0007] Example 3 includes the subject matter of examples 1 or 2 and, optionally, wherein

the determining of a mean anticipated cumulative weight and a distribution from the

anticipated cumulative weight for at least one product item for which a customer initiated

the acquisition of respective weight-information, comprises: estimating, based on sample

weights of product items of the same type, parameters of a Xi distribution function by

employing Monte Carlo simulation, and based on the estimated parameters of the Xi

distribution function, estimating parameters of a Normal Distribution of weights for a

population of sets of product items.

[0008] Example 4 includes the subject matter of example 3 and, optionally, wherein the

estimating of parameters of a Xi-distribution comprises estimating the sample variance of

weights for a population of product items of the same type.

[0009] Example 5 includes the subject matter of examples 3 or 4 and, optionally, further

comprises, based on the estimated parameters the Xi-distribution function, estimating the

mean weight and standard deviation for the population of product items.

[0010] Example 6 includes the subject matter of any of examples 1 to 5 and, optionally,

wherein the determining the mean anticipated cumulative weight further comprises, for

product items for which no sampled weights are available: generating a system of linear

equations, wherein each equation describes, per a customer that has checked out, a factual

cumulative weight with the number of product items selected by a customer multiplied by a

respective unknown weight of the selected product item, and solving the system of linear

equations for the respective unknown weights, provided that such system is not

underdetermined.

[0011] Example 7 includes the subject matter of example 6 and, optionally, wherein the

solving of system of the linear equations comprises employing a least square fitting method.



[0012] Example 8 includes the subject matter of any of examples 1 to 7 and, optionally,

wherein the checkout engine is operative to determine, based on the nominal weights

assigned to the product items loaded into the shopping receptacle, the anticipated

cumulative weight of a shopping receptacle.

[0013] Example 9 includes the subject matter of any of examples 1 to 8 and, optionally,

wherein the step of determining the mean anticipated cumulative weight comprises applying

a Maximum Likelihood Estimation to obtain an estimate of a mean weight for a set of

product items of the same type.

[0014] Example 10 includes the subject matter of any of examples 1 to 9 and, optionally,

wherein the checkout engine enables settling payment for product items selected and

placed by the customer into the shopping receptacle, without requiring the removal of the

product items from the shopping receptacle.

[0015] Example 11 includes a computer program product enabling a plurality of customers

to checkout one or more product items of at least one set of product items of a given type

that has an estimated mean weight and a deviation from the estimated mean weight

associated with the set of product items, the computer program product comprising: a non-

transitory tangible storage medium readable by a processing circuit and storing instructions

for execution by the processing circuit for performing a method comprising: determining a

mean anticipated cumulative weight and a distribution from the mean anticipated

cumulative weight for at least one product item for which a customer initiated the

acquisition of respective weight-information; determining a factual cumulative weight of a

customer's shopping receptacle placed on the retail checkout weight scale of the retail

checkout system; and determining whether the factual cumulative weight meets a checkout

criterion with respect to the distribution from the mean anticipated cumulative weight.

[0016] Example 12 includes the subject matter of example 11 and, optionally, wherein the

computer program product is further operative to monitor the shopping behaviour of a

customer, and, based on the monitored shopping behaviour, associate a shopping pattern to

the customer.

[0017] Example 13 includes the subject matter of examples 11 or 12 and, optionally,

wherein the determining of a mean anticipated cumulative weight and a distribution from

the mean anticipated cumulative weight for at least one product item for which a customer

initiated the acquisition of respective weight-information, comprises estimating, based on



sample weights of product items of the same type, parameters of Xi distribution function by

employing Monte Carlo simulation, and based on the estimated parameters of the Xi

distribution function, estimating parameters of a Normal Distribution of weights for a

population of sets of product items.

[0018] Example 14 includes the subject matter of example 13 and, optionally, wherein the

estimating of parameters of a Xi-distribution comprises estimating the sample variance of

weights for a population of product items of the same type.

[0019] Example 15 includes the subject matter of example 14 and, optionally, further

comprises, based on the estimated sample variance of weights of a population of product

items, estimating the mean weight and standard deviation for the population of product

items.

[0020] Example 16 includes a method for allowing a plurality of customers to checkout one

or more product items of at least one set of product items of a given type that has an

estimated mean weight and deviation from the estimated mean weight associated with the

set of product items, comprising determining a mean anticipated cumulative weight and

distribution from the mean anticipated cumulative weight for at least one product item for

which a customer initiated the acquisition of respective weight-information; determining a

factual cumulative weight of a customer's shopping receptacle placed on the retail checkout

weight scale of the retail checkout system; and determining whether the factual cumulative

weight meets a checkout criterion with respect to the distribution from the mean

anticipated cumulative weight.

[0021] Example 17 includes the subject matter of example 16 and, optionally, further

comprises monitoring the shopping behaviour of a customer, and based on the monitored

shopping behaviour, associating a shopping pattern to the customer.

[0022] Example 18 includes the subject matter of examples 16 or 17 and, optionally,

wherein the determining of a mean anticipated cumulative weight and a distribution from

the mean anticipated cumulative weight for at least one product item for which a customer

initiated the acquisition of respective weight-information, comprises estimating, based on

sample weights of product items of the same type, parameters of a Xi distribution function

by employing Monte Carlo simulation, and based on the estimated parameters of the Xi

distribution function, estimating parameters of a Normal Distribution of weights for a

population of sets of product items.



[0023] Example 19 includes the subject matter of example 18 and, optionally, wherein the

estimating of parameters of a Xi-distribution comprises estimating the sample variance of

weights for a population of product items of the same type.

[0024] Example 20 includes the subject matter of examples 18 or 19 and, optionally, further

comprises, based on the estimated parameters the Xi-distribution function, estimating the

mean weight and standard deviation for the population of product items.

[0025] Example 21 includes the subject matter of any of examples 16 to 20 and, optionally,

wherein the step of determining the mean anticipated cumulative weight further comprises,

for product items for which no sampled weights are available: generating a system of linear

equations, wherein each equation describes, per a customer that has checked out, the

factual cumulative weight with the number of product items selected by the customer

multiplied by a respective unknown weight of the selected product item, and solving the

system of linear equations for the respective unknown weights, provided that such system is

not underdetermined.

[0026] Example 22 includes the subject matter of example 21 and, optionally, wherein the

solving of system of the linear equations comprises employing a least square fitting method.

[0027] Example 23 includes the subject matter of any of examples 16 to 22 and, optionally,

wherein the determining of the anticipated cumulative weight of a shopping receptacle is

based on the nominal weights assigned to the product items loaded into the shopping

receptacle.

[0028] Example 24 includes the subject matter of any of examples 16 to 23 and, optionally,

wherein the determining the mean anticipated cumulative weight comprises applying a

Maximum Likelihood Estimation to obtain an estimate of a mean weight for a set of product

items of the same type.

[0029] Example 25 includes a computer program product directly loadable into the internal

memory of a computer, comprising software code portions for performing the steps of any

of examples 16 to 24 when the product is run on the computer.

[0030] Example 26 includes a non-transitory tangible computer readable storage medium

storing a set of instructions that are executable by at least one processor of a server to cause

the server to perform a method for allowing a plurality of customers to checkout one or

more product items of at least one set of product items of a given type that has an estimated

mean weight and a deviation from the estimated mean weight associated with the set of



product items, the method comprising determining a mean anticipated cumulative weight

and a distribution from the mean anticipated cumulative weight for at least one product

item for which a customer initiated the acquisition of respective weight-information;

determining a factual cumulative weight of a customer's shopping receptacle placed on a

retail checkout weight scale of the retail checkout system; and determining whether the

factual cumulative weight meets a checkout criterion with respect to the distribution from

the mean anticipated cumulative weight.

[0031] Example 27 includes the subject matter of example 26 and, optionally, wherein the

method further comprises monitoring the shopping behaviour of a customer, and based on

the monitored shopping behaviour, associating a shopping pattern to the customer.

[0032] This summary is provided to introduce a selection of concepts in a simplified form

that are further described below in the Detailed Description. This summary is not intended

to identify key features or essential features of the claimed subject matter, nor is it intended

to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The drawings and descriptions are meant to illuminate and clarify embodiments

disclosed herein, and should not be considered limiting in any way.

[0034] For simplicity and clarity of illustration, elements shown in the figures have not

necessarily been drawn to scale. For example, the dimensions of some of the elements may

be exaggerated relative t o other elements for clarity of presentation. Furthermore,

reference numerals may be repeated among the figures to indicate corresponding or

analogous elements. The figures are listed below.

[0035] FIG. 1A is a schematic block-diagram illustration of a retail checkout system,

according to some embodiments;

[0036] FIG. I B is a schematic back perspective view of a checkout tunnel of a retail checkout

terminal, according to some embodiments;

[0037] FIG. 1C is a schematic front perspective view of the checkout tunnel, according t o the

embodiment of FIG. IB;

[0038] FIG. 2 is a schematic block diagram illustration showing the components of a retail

checkout terminal, a product item reader device, and a retail checkout server of the

checkout system according to an embodiment; and



[0039] FIG. 3 is a flow-chart illustration of a retail checkout method, according to some

embodiments.

DETAILED DESCRIPTION

[0040] Aspects of embodiments relate to checkout system of a retail store. The checkout

system may comprise a checkout terminal comprising a scale for weighing a shopping

receptacle loaded with product items selected by a costumer.

[0041] Various procedures may be employed for determining the type of product item

loaded by the customer into his/her shopping receptacle and for acquiring individual weight-

information associated with the selected product items to determine the monetary value

thereof. These procedures may include executing information acquiring actions such as, for

example, the acquiring of a product ID, e.g., through a computerized end-user device

associated with the customer. It is noted that in some embodiments, the end-user device

may be provided by the retailer or, in some other embodiments owned by the customer.

Such computerized end-user device may comprise a reader device like, e.g., an optical

scanner, an FID scanner and/or a spectrometer.

[0042] As will be outlined herein below in greater detail, individual weight-information may

be associated with product items of the same type. The individual weight-information

includes the mean weight ("product-specific mean weight") and statistical distribution

("product-specific distribution") from the mean weight that is associated with the members

of a set of product items of the same type.

[0043] A cumulative mean weight and cumulative weight distribution are determined based

on accumulating data descriptive of one or more product-specific mean weights and a

product-specific measure of deviation from the mean. Hence, weight-information of the

loaded shopping receptacle may include the receptacle's cumulative mean weight and

corresponding cumulative deviation measure.

[0044] The term "deviation" as used herein may refer to a measure of how spread the

anticipated cumulative weights are from a mean. The term "distance" as used herein may

refer t o a measure of a difference between a number and a mean of a distribution.

[0045] The checkout system may be operative to determine anticipated cumulative weight

information about a shopping receptacle loaded with product items that are intended to be

removed from the retail store by a customer in a shopping cycle. The term "anticipated



information" as well as variations thereof refer to information that was received by the

checkout system responsive to an information acquiring action initiated by the user. Along

with the acquisition of product-specific weight-information, product-specific price-

information is also acquired and associated with the customer. A shopping cycle terminates

after checkout.

[0046] The anticipated cumulative weight-information may include both data descriptive of

mean anticipated cumulative weight and data descriptive of anticipated cumulative

deviation from the mean anticipated cumulative weight. The mean anticipated cumulative

weight and corresponding anticipated cumulative deviation measure may be determined

based on the information acquired by the customer when selecting one or more sets of

product items for which the customer intends to disburse the retailer. The product items of

a first set may be of the same type but different from the product items of another set.

[0047] A customer acquires individual weight-information respective of the product items

for which he/she intends to pay at checkout, for example, by employing a suitable reader

device. Product-specific mean weights and measure of deviation from the mean are

accumulated by the system to determine the mean anticipated cumulative weight and

anticipated cumulative deviation measure. More specifically, the product-specific mean

weight and deviation of a selected product item is added to the product specific mean

weight(s) and deviation(s) of a previously selected product item or items.

[0048] Various procedures may be employed for determining an mean anticipated

cumulative weight.

[0049] In some embodiments, product-specific population mean weights and deviations

thereof and, optionally, variance, may be obtained, for example, by employing a simulation

method. One exemplary simulation method that may be employed is Monte Carlo

simulation.

[0050] Optionally, Monte Carlo simulation may be invoked automatically, e.g., periodically

and/or, for example, when a current sample size increases by a certain quantity. Optionally,

Monte Carlo may be invoked on-demand, e.g., by an Administrator of the retail checkout

system.

[0051] In some scenarios, sampled weight values may not be available for members of one

or more sets of product items. The weights of such product items may be determined, in

some embodiments, by solving a system of linear equations, provided that such system is



not underdetermined. Optionally, the results obtained when using Monte Carlo simulation

may be employed for determining coefficients of the system of linear equations. Such

system of linear equations may be solved, for example, using a Least Square Approximation.

Optionally, various data fitting models may be employed for obtaining an approximate

solution to an overdetermined system of linear equations. In some embodiments, data

fitting model may be based on, e.g., linear or non-linear polynomials. Optionally, data fitting

models other than polynomials may be employed.

[0052] In some scenarios, the weight of a member of one or more sets of product items may

not be determinable using either simulation or by solving a system of linear equations. In

such scenarios, the weight may for example be determined by employing Maximum

Likelihood Estimation or by relying on manufacturer-provided weight information, optionally

by associating an error (e.g., +/- t o such weight information.

[0053] The cumulative mean weight may be determined based on the results of any one of

the above noted approaches for determining or estimating product-specific weights, e.g., by

summing the obtained results.

[0054] During a checkout process, a validation procedure is executed in which factual

cumulative weight-information is obtained by weighing the shopping receptacle by the

weight scale of a retail checkout terminal. The factual cumulative weight-information may

be compared against the anticipated cumulative weight-information to obtain a comparison

result. When the comparison result meets one or more checkout validation-criteria, the

checkout system may enable a customer to remove the loaded product items from the

retail store, optionally after payment has been settled.

[0055] The validation procedure is employed since one or more product items placed by a

customer in his/her shopping receptacle may or may not correspond to the type of product

items and/or the quantity for which the customer acquired product-specific weight and price

information, e.g., with his/her reader device.

[0056] According to some embodiments, a checkout validation-criterion may be met if a

"distance" or difference of factual cumulative weight of the loaded shopping receptacle's

weight from the mean anticipated cumulative weight is within an allowed range.

[0057] The allowed range may depend on the measure of how spread the anticipated

cumulative weights are from the cumulative mean. For example, the larger the deviation

from the mean (e.g., the larger the standard deviation from the mean), the greater may be



the allowed range or, in other words, the distance of a deviation threshold from the mean

anticipated cumulative weight.

[0058] In case a distance or difference in factual cumulative weight of the loaded shopping

receptacle from the anticipated cumulative falls within an allowed range, the customer may

complete the checkout process, which may include payment settlement and removal of the

product items from the retail store. As outlined herein below in more detail, a shopping

pattern of a customer may be monitored.

[0059] Various procedures may be employed to assess the product-specific deviation

measure which may be, in other words, the mean and the deviation of weights from the

mean for the members of a set of product items of the same type. For example, a limited

number of product items of the same type may be weighed to determine a product-specific

mean weight and measure of deviation from the said mean. Additionally or alternatively,

using blind deconvolution for example, the sample size for one or more product items of the

same type may be determined, in principle, on an unlimited number of product items which

are loaded by the customers into the shopping receptacle for checkout.

[0060] Referring now t o FIGS. 1A and FIG. IB, a retail store 105, in which a retailer presents

product items (not shown) for purchase by customers, may be equipped with a retail

checkout (RC) system 100 that comprises one or more RC terminals 110 (e.g., RC terminal

110A, RC terminal HOB and RC terminal HOC).

[0061] In some embodiments, a RC terminal 110 may comprise, for example, a weight scale

111 and, optionally, additional sensors. Weight scale is 111 operative to weigh a customer's

shopping receptacle which may be loaded with customer-selected product items the

customer intends to remove from retail store 105. Weight scale 111 may be configured so

that receptacle 140 can be pushed smoothly onto it. The additional sensors (not shown)

may include, for example, at least one of a camera, spectrometer, infrared sensor, RFID

sensor, and/or any other sensor that is configured and operative for gaining information

about the product items placed in shopping receptacle 140 and/or the receptacle itself. In

an embodiment, a RC terminal 110 may comprise a sensor mounting structure 119. In an

embodiment, the additional sensors (not shown) may be embedded in and/or arranged on

sensor mounting structure 119. In an embodiment, sensor mounting structure 119may be

arranged relative to weight scale 111 so that the additional sensors (not shown) may, at least

partially, receive physical stimuli relating to shopping receptacle 140 placed onto weight



scale 111. In an embodiment, sensor mounting structure 119 may be in form of a tunnel

(e.g., having a tunnel inlet and outlet); a housing, a canopy, or a hood.

[0062] RC system 100 further includes a RC server 120. RC server 120 is operative to receive

from one or more product item (PI) reader devices (RD) 130 (e.g., from product item RDs

130A-130E) data that is descriptive of weight information respective of the product items.

The one or more PI reader devices 130 may be associated with one or more respective users

or customers navigating through retail store 105.

[0063] RC system 100 may be operative to enable the implementation of a checkout

method, process and/or operation of a product items placed by customers (not shown) in

shopping receptacles 140 (e.g., receptacles 140A-140E associated with RDs 130A-130E,

respectively). Such method, process and/or operation may herein be implemented by

and/or referred to as a "checkout engine", which may be schematically illustrated in FIG. 1

as a block referenced by alphanumeric label "150". Checkout engine 150 may for instance

be operative to implement a validation procedure of the checkout process. In the checkout

process, it may be determined whether a checkout validation criterion is met by comparing

factual cumulative weight-information against the anticipated cumulative weight-

information. When the comparison result meets one or more checkout validation-criteria,

the checkout system may enable a customer to remove the loaded product items from the

retail store, optionally after payment has been settled through, e.g., a RC terminal 110

and/or RC server 120.

[0064] Further referring to FIG. 2, RC terminals 110 (e.g., RC terminals 110A-110C) may

include a RC weight scale 111, a RC terminal processor 112, a RC terminal memory 113, a RC

terminal checkout engine 114, a RC terminal communication module 115, a RC terminal user

interface 116, and a RC terminal power module 117 for powering the various components of

RC terminals 110. In the discussion outlined herein, components of RC terminals 110A-110E

are designated by respective alphanumeric labels. For example, RC terminal weight scales

111A-111C refer to the weight scales of RC terminals 110A-110C, respectively.

[0065] RC terminal weight scales 111 may be operative to detect differences in weight of, for

example, 5 grams or less, 4 grams or less, 3 grams or less, 2 grams or less; or 1 gram or less.

A weighing error of RC terminal weight scales 111 may in some embodiments have a uniform

distribution.



[0066] In some embodiments, RC terminal weight scales 111 may be calibrated

independently from each other against the same reference weight scale.

[0067] Retail checkout server 120 may include a RC server database 121, a RC server

processor 122, a RC server memory 123, a RC server checkout engine 124, a RC server

communication module 125, a RC server user interface 126, and a RC server power module

127 for powering the various components of retail checkout server 120.

[0068] Product item reader devices 130 (e.g., reader devices 130A-130E) may include a

reader module 131, a reader device processor 132, a reader device memory 133, a reader

device checkout engine 134, a reader device communication module 135, a reader device

user interface 136, and a reader device power module 137 for powering the components of

reader devices 130. In the discussion outlined herein, components of product items reader

devices 130A-130D are designated by respective alphanumeric labels. For example, reader

modules 131A-131D refer to the modules of reader devices 130A-130D, respectively.

[0069] The various components of RC terminals 110, RC server 120 and/or product item

reader devices 130 may communicate with each other over one or more communication

buses (not shown) and/or signal lines (not shown).

[0070] A server may for example relate to one or more servers, storage systems, cloud-

based systems and/or services associated with the retail store.

[0071] A product item RD 130 may be embodied or included in a computerized end-user

device. Such computerized end-user device may, for example, include a multifunction

mobile communication device also known as "smartphone", a laptop computer, a tablet

computer, a personal digital assistant, a workstation, a wearable device (including, e.g.,

optical head mounted displays including glasses for instance), a handheld computer, a

notebook computer and/or a vehicular device.

[0072] The term "processor" as used herein may additionally or alternatively refer to a

controller. Such processor may relate to various types of processors and/or processor

architectures including, for example, embedded processors, communication processors,

graphics processing unit (G PU)-accelerated computing, soft-core processors and/or

embedded processors.

[0073] According to some embodiments, RC terminal memory 113, RC server memory 123

and/or reader device memory 133 may include one or more types of computer-readable

storage media. For example, RC terminal memory 113, RC server memory 123 and/or reader



device memory 133 may include transactional memory and/or long-term storage memory

facilities and may function as file storage, document storage, program storage, or as a

working memory. The latter may for example be in the form of a static random access

memory (SRAM), dynamic random access memory (DRAM), read-only memory (ROM), cache

or flash memory. As working memory, RC terminal memory 113, RC server memory 123

and/or reader device memory 133 may, for example, process temporally-based instructions.

As long-term memory, RC terminal memory 113, RC server memory 123 and/or reader

device memory 133 may for example include a volatile or non-volatile computer storage

medium, a hard disk drive, a solid state drive, a magnetic storage medium, a flash memory

and/or other storage facility. A hardware memory facility may for example store a fixed

information set (e.g., software code) including, but not limited to, a file, program,

application, source code, object code, and the like. For the purposes of long-term storage,

data fragments may be stored on such long-term memory.

[0074] RC terminal communication module 115, RC server communication module 125 and

reader device communication module 135 may communicate with each other over a

communication network 190 (schematically shown in Fig. 1A) and may, for example, include

I/O device drivers (not shown) and network interface drivers (not shown). A device driver

may for example, interface with a keypad or t o a USB port. A network interface driver may

for example execute protocols for the Internet, or an Intranet, Wide Area Network (WAN),

Local Area Network (LAN) employing, e.g., Wireless Local Area Network (WLAN)),

Metropolitan Area Network (MAN), Personal Area Network (PAN), extranet, 2G, 3G, 3.5G, 4G

including for example Mobile W IMAX or Long Term Evolution (LTE) advanced, Bluetooth ,

ZigBee™ and/or any other current or future communication network, standard, and/or

system.

[0075] RC terminal memory 113, RC server memory 123 and/or reader device memory 133

may include instruction which, when executed e.g. by the respective RC terminal processor

112, RC server processor 122 and/or reader device processor 132, may cause the execution

of the retail checkout method, process and/or operation. As already indicated herein, such

method, process and/or operation may herein be implemented by and/or referred to as

checkout engine 150. Checkout engine 150 may be implemented in any suitable device, fully

or partially. For example, checkout engine 150 may be included, fully or partially, in a reader

device associated to a customer and/or in a server.



[0076] Reader device 130 may be respectively associated with the customers. For example,

a first customer may be the owner of first reader device 130A and a second customer may

be the owner of second reader device 130B. According to some embodiments, product-

specific weight-information associated with a product item selected by a customer may be

received at reader devices 130 via reader module 131 during a data acquisition procedure.

According to some other embodiments, product-specific weight information may be

acquired during checkout. For example, product-identifying information of all of the

selected product items may be provided to the server, e.g., via the checkout terminal, for

determining accumulated anticipated weight information. However, merely to simplify the

discussion that follows, without be construed as limiting, it is considered that weight

information is acquired by the customer, through his/her reader device.

[0077] Such data acquisition procedure may include receiving data descriptive of product-

specific weight-information wirelessly (e.g., optically) for example. Such weight-information

may for instance be encoded in one- or two-dimensional machine-readable representation

(e.g., barcodes) and which may be acquired therefrom by reader module 131. Reader

modules 131 may for example be embodied by an optical reader and/or a receiver (e.g., a

receiver operative t o receive signals from radio-frequency identification (RFI D) tags

embedded in the product item). The decoding of data descriptive of product-specific

weight-information may be accomplished by checkout engine 150, for example, by the part

of RC server checkout engine 124 of server 120. According to some embodiments, a reader

module may additionally or alternatively be included at a checkout terminal.

[0078] As already briefly mentioned herein, various procedures may be employed to assess

the statistical distribution of the weight for a set of product items of the same type.

[0079] According to some embodiments, identical weight information (which may be pre-

stored in checkout server 120) may be associated with product items of the same type. For

example, a product-specific mean weight and product-specific measure of deviation from

the mean may be associated with nominal 500 gram packages of a specific sort of Loacker ®

biscuits, based on a sample population of biscuits packages.

[0080] According to some embodiments, a measure of how spread-out the weights are from

the product-specific mean may be determined for a sample population of product items of

the same type.



[0081] Accordingly, the number of product items of the same type that may be weighed to

determine the mean weighed value may be capped. The product items may be weighed,

e.g., by a retailer or by the wholesaler, prior to providing the product items in retail store

105 for sale.

[0082] In some embodiments, an assumption may be made regarding the statistical

distribution of the weight. It may for example be assumed that the weight for a product

item of the same type is normally distributed around the mean weight. Correspondingly, a

Student's t-distribution may be assumed for the sample population.

[0083] Furthermore, according to some embodiments, a product-type specific distance

threshold from the mean may be selected for each set of product items of the same type.

When the customer acquires weight information for product items of at least one type,

respective product-type specific distance thresholds may be taken into account to determine

a cumulative anticipated distance threshold. The obtained anticipated cumulative distance

threshold may serve as a basis for a checkout validation-criterion.

[0084] According to some embodiments, the product-type specific distance threshold may

for example be defined as a multiplicative factor of a standard deviation from the mean

weight respective of a set of product items of the same type. Correspondingly, the

anticipated cumulative distance threshold may be defined based on one or more product-

type specific deviation thresholds. For example, a plurality of product-specific distance

thresholds respective of product items for which the customer acquired weight-information,

may be averaged by checkout validation engine 150 to obtain the anticipated cumulative

distance threshold.

[0085] According to some embodiments, depending on the type of product item, a plurality

of different sample sizes may be used to obtain weight information for a respective plurality

of sets of product items. For example, a first sample size (e.g., 30 product items) may be

used for a first set and second set of product item of the same type, and a second sample

size (e.g., 50 product items) may be used for a third set, fourth set and fifth set of product

items of the same type.

[0086] In some other embodiments, the sample size of the population may be increasing,

e.g., in principle ad infinitum, for example, with the number of product items that are

processed through the checkout process. Limitations on an increasing sample size may be



system (e.g. hardware) dependent. Correspondingly, product-specific weight-information

for a given type of product items may be derived from a plurality of consecutive samples.

[0087] In some embodiments, product-specific mean weights, deviations thereof and,

optionally, variance, may be determined, for example, by employing statistical modeling

methods. One exemplary statistical modeling method that may be employed is Monte Carlo

simulation.

[0088] The domain of possible inputs to the simulation for the random sampling is defined

by the distribution (e.g., normal distribution) and the corresponding Cumulative Distribution

Function (CDF). The CDF is defined through the samples.

[0089] In cases where sampled product weights are independent observations from a

normal distribution, the corresponding sample variance distribution of the weights of a

population of products may follow a scaled Chi-squared distribution, which may be

expressed as follows:

(n - l)¾~ Xn
(1)

- 1

[0090] Based on values relating to the variance of the weight samples, Monte Carlo

Simulation may be employed for determining the parameters of the Xi-squared distribution

function for the weights of a population of product items of the same type. Optionally, a

critical value of the Xi-squared distribution function may, for example, equal 0.05 or less,

0.025 or less, 0.01 or less, or 0.005 or less. The degree of freedom is determined by the

equation n-1, wherein n denotes the sample size.

[0091] Moreover, based on the obtained parameters of the Xi-squared distribution function,

parameters (e.g., the standard deviation and a mean) of a normal distribution of the weight

for a population of product items of the same type may be determined. Such normal

distribution of weights of a population of product items of the same type may be expressed

as follows:

µ ~ χ , - -) (2)
Vn

[0092] Optionally, t-statistics may be applied in the Monte Carlo Simulation in relation to the

mean weight µ of the population a specific product, to calculate the variance of the

population:



σ - represents the Standard Deviation of a population of a product

S- represents the variance of a sample of the product

µ - represents a Population Mean of the product

- represents a Sample Mean of the product

n - represents the sample size

t - represents a ratio of the departure of an estimated parameter from its notional value and

standard error

[0093] In an embodiment, at least 1000, 2000, 3000, or at least 4000 runs may be executed

for estimating values of the parameters relating to the above noted Xi-square and Normal

Distributions.

[0094] Optionally, T-statistics may be used for estimating the variance of weight for a

population of products.

[0095] In some scenarios, data relating to sampled weights may not be available for

members of one or more sets of product items. The weights of such product items may be

determined, in some embodiments, by solving a system of linear equations, provided that

such system is not underdetermined. Optionally, the results which were obtained when

using the simulation methods may be employed for approximating a solution for the system

of linear equations. Such solution ma be in the form of a linear or non-linear function.

wherein:

¾ · - designates the quantity of a specific product selected by a customer

µ η - designates the mean weight of a specific product

wm - designates the factual cumulative weight checked out respective of each customer

[0096] In an embodiment, to solve the system of linear equations, Least Square may be

employed. Each weight calculated for a specific product using the above-noted System of

Linear Equations may be referred to as a sample of the respective product population having

any kind of distribution including, for instance, a normal distribution.



[0097] In an embodiment, the statistical parameters (e.g., mean, standard deviation,

variance) for the same product may be determined under the assumption of normal

distribution of the calculated "sample" weight.

[0098] Newly calculated "sample" mean weights may be added to all previously calculated

"sample" mean weights for updating mean parameter values.

[0099] In some scenarios, the weight of a member of one or more sets of product items may

neither be determinable using numerical methods nor by solving a system of linear

equations. In such scenarios, the weight may for example be determined by employing

Maximum Likelihood Estimation for estimating a mean weight for a set of product items, or

by relying on manufacturer-provided weight information, optionally by adding to it an error

(e.g., +/- %) for such manufacturer-provided weight information.

[0100] One example of a Maximum Likelihood Estimation function may be expressed, for

example, as follows:

m

CML = ii fi -

when:

y, designates a threshold for "criminalizing" a customer.

v - designates the variance of factual cumulative weights per customer

c - designates acceptable weight difference between a factual and anticipated

cumulative weight for a customer

designates factual cumulative weight for a set of product items.

µ - designates the mean cumulative weight for a set of product items

q - designates the quantity of product items of a set that the customer has declared

to have loaded into the shopping receptacle(s) in a shopping cycle.



[0101] In some embodiments, the results yielded from applying Maximum Likelihood and/or

the information provided by the products' manufacturers may be employed to reduce the

number of unknown parameters in the system of linear equations exemplified herein.

[0102] According to some embodiments, blind deconvolution may be employed which may

allow not imposing constraints on the number of product items for determining product-

specific weight-information.

[0103] The factual cumulative weight of a loaded shopping receptacle as measured by a

weighing scale (e.g., C terminal weight scale 111A) and the distance from of the factual

cumulative weight from the anticipated cumulative weight may form a basis for determining

the contributions in deviation of each product item of the same type to the shopping

receptacle's cumulative deviation.

[0104] For instance, the anticipated cumulative weight of a shopping receptacle may be

determined based on the nominal weights assigned to the product items loaded into the

shopping receptacle. The shopping receptacle's factual cumulative weight and distance from

the anticipated cumulative weight may then be used to determine the contribution in

deviation of each product item of the same type to the factual cumulative deviation in

weight. The data is accumulated from a plurality of customers placing their shopping

receptacle 140 onto scale RC terminal weight scales 111 to estimate the weight distribution

for each set of product items of a given type, instead of limiting sample size and making

assumptions about the weight distribution (like for instance assuming that the weight for

product items of the same is normally distributed).

[0105] For instance, of 10000 shopping receptacles that were weighed at RC terminals 110,

8000 shopping receptacles may be loaded with bottles of nominal 1.5 Liters Coca Cola ®. For

the bottles of Coca Cola ® of the same type (e.g., having identical nominal weight assigned)

that are loaded in the 8000 shopping receptacles, the respective product-specific mean

weights and product-specific measure of deviation from the mean may be determined using

blind deconvolution, numeric methods, and/or any other suitable method.

[0106] In some embodiments, the weight-information derived from a capped sample (e.g.,

Student's t-distributed sample) may be compared against weight-information derived from

the increasing sample size. It may for example be determined that when using an increasing

number or unlimited number of sample, the weights of a product item of the same type may

be substantially normally distributed with trimmed tails, whereas the weights derived from



capped sample was assumed to be fully normally distributed and non-trimmed. If the

comparison yields that the difference in the means exceeds a threshold, the assumptions

made for the capped sample size may be discarded and the weight information derived from

the increasing sample size may be used to arrive at anticipated cumulative weight-

information for a loaded shopping receptacle 140.

[0107] According t o some embodiments, depending on the type of product item being

selected for purchase by the customer, weight-information received may include pre-stored

weight information and/or on-the-spot acquired weight information. Pre-stored weight

information may be pre-stored, e.g., in C server database 121. Quantity-dependent weight

information may be obtained on-the-spot by weighing in the store a customer-selected

weighable quantity of a given weighable product and/or by acquiring pre-stored weight-

information of such weighable product. A weighable product may relate to products that

are not offered to the customer for sale at a predetermined, unitary quantity. In other

words, the purchasable quantity of such product may be individually and freely selectable by

the customer and is, in general, not dictated according to a standardized or predetermined

packaging of the product item. Such given weighable products may for example include

fruits, vegetables, meat, fish, cheese, salads, pastries and/or spices for example. Weighable

products may or may not be pre-packaged. However, such pre-packaging may usually be

done by a person serving a counter of retail store 105 where weighable product items may

be offered to the customer for sale. Checkout engine 150, in conjunction with the image

capturing device(s), may be operable to compare between a product-I D the customer may

assign to a weighable product, and the weighable product item actually selected by him/her

for placing into shopping receptacle 130. A customer may for example erroneously select via

a user interface (e.g., RD user-interface 136) the product-I D assigned to Bananas for

weighing, but place Cucumbers onto the weight to receive information about the amount

due. Checkout engine 150 may be operative to detect such discrepancy between the

product-I D and the customer-selected weighable product items, by comparing data ("image-

data") descriptive of an image of the customer-selected weighable product item with data

("product-data") descriptive of the customer-selected product-I D. If the image-data does

not match the product-data, a corresponding output may be provided, e.g., t o the customer

or the cashier.



[0108] According to some embodiments, a spectrometer may be employed t o determine the

type of weighable product item selected by the customer.

[0109] According to some embodiments, weight-information may also be acquired on-the-

spot for each one of the product items for which it may for example be difficult or virtually

impossible to make assumptions regarding statistics of the weights. Such product items may

herein be referred to as "non-standard product items".

[0110] Weight-information for weighable and/or non-standard product items may only

include the actually measured weight and be free of information relating t o a deviation from

a mean weight. In some embodiments, the weight-information may include information

about the uniform distribution of the weight from a mean. The measured weight of such

product items may be individually encoded, e.g., using a barcode or RFID.

[0111] Checkout engine 150 may cause the acquired weight information (pre-stored and

quantity-dependent) as well as price information respective of the customer-selected

product item received at reader devices 130 to be transmitted, for example, to checkout

server 120. In server 120 for example, the acquired weight-information may be totaled by

checkout engine 150 to obtain anticipated cumulative weight-information. Price information

respective of the product items for which weight information was acquired by the customer

may be totaled t o obtain anticipated cumulative price information.

[0112] Checkout system 100 may include one or more image capturing devices (not shown)

assisting in monitoring actions undertaking by customers navigating about and shopping in

retail store 105 for product items. Image capturing devices may be employed at locations

where product item whose costs are quantity-dependent are offered for purchase. The

image capturing devices may for example be employed to determine whether the product ID

associated by a customer to a product item match.

[0113] After the customer has completed placing the product items in shopping receptacle

140, he/she proceeds to one of the RC terminals 110. RC terminals 110 may or may not be

cashier-operated.

[0114] The customer may place his/her shopping receptacle (e.g., shopping receptacle 140B)

onto a scale weight (e.g., RC terminal weight scale 111A) for providing RC system 100 with

factual cumulative weight-information of the shopping receptacle. The factual cumulative

weight-information provided by RC terminal weight scale 111A and respective of receptacle

140B for example, may be transmitted, e.g., to server 120.



[0115] Furthermore, the anticipated cumulative weight-information respective of a shopping

receptacle (e.g., receptacle 140B) may be brought in association with the factual cumulative

weight information provided by the customer at the respective RC terminals 110.

[0116] According to some embodiments, a RC terminal (e.g., RC terminal 110A) may for

example be provided with reader device identifying information (RD-I D) of e.g., RD 130B so

that anticipated cumulative weight information which was obtained from acquiring weight-

information through RD 130B can be associated with the factual cumulative weight

information obtained by weighing shopping receptacle 140B at RC terminal 110A. For

example, the customer associated with RD 130B may engage RD user interface 130B for

providing the RD-I D respective of RD 130B t o RC terminal 110A via from RD communication

module 135B and RC terminal communication module 115A.

[0117] In some embodiments, the RD-ID may be entered manually into the respective RC

terminal, e.g., by the cashier or the customer.

[0118] According to some other embodiments, a customer may register him/herself, e.g., via

his/her RD 130 with a RC terminal (e.g., RC terminal 110A) prior to starting navigating retail

store 105 for purchasing product items. According to some further alternative

embodiments, a customer may be assigned t o a RC terminal (e.g., RC terminal 110A) by

checkout engine 150, for example, to increase (e.g., optimize or maximize for) customer

throughput per RC terminal, e.g., according to predetermined optimization constraints. A

customer authentication procedure (e.g., based on facial recognition and/or challenge-

response procedure) may be employed to determine whether the customer who engages

with a RC terminal to provide factual weight-information is indeed associated with the RD

130 presented by the customer.

[0119] During the checkout process, validation engine 150 may compare the factual

cumulative weight-information against the anticipated cumulative weight-information to

obtain a comparison result. In the event that the comparison result meets one or more

checkout validation-criteria, checkout system 100 may enable a customer to remove the

loaded product items from retail store 105, optionally after payment for the product items

has been settled. The shopping receptacle with the loaded product items may be removed

from retail store 105 without the customer having to unload from and reload the product

items back into his/her shopping receptacle.



[0120] A checkout validation-criterion may for example be met if the distance of the factual

cumulative weight of the loaded shopping receptacle's weight from the mean anticipated

cumulative weight falls within an allowed range, in which case the customer may proceed

with the checkout process.

[0121] Assuming for example that for each set of product items the weight is normally

distributed, the anticipated cumulative weight may also be considered to be normally

distributed. A checkout validation-criterion may thus for example be met if the factual

cumulative weight (FCW) falls within a range defined by a multiplicative factor of the

anticipated cumulative standard deviation (OSD). For instance, the checkout validation-

criteria may be met if FCW<3*OSD.

[0122] According to some embodiments, the one or more checkout validation-criteria may

be adjusted in accordance with the type of product item; retailer chain; expiry date of a

product item; customer; group of customers; retail store location; calendric weekday; month

and/or year.

[0123] For instance, a checkout validation-criteria may be customer-dependent, i.e.,

personalized. For instance a first multiplicative factor of a standard deviation may be

assigned to a first customer and a second multiplicative factor, different from the first

multiplicative factor, may be assigned to the second customer navigation about retail store

105. A checkout validation-criteria may thus for example be met for the first customer if

FD<3*SD, and the checkout validation-criteria may be met for the second customer if

FD<5*SD. Additionally or alternatively, checkout validation engine 150 may assign different

validation-criteria to different customers, for example, based on the customer's shopping

habits.

[0124] According t o some embodiments, checkout validation engine 150 may randomly

determine (anticipated cumulative) deviation thresholds, e.g., for different customers. It

should be noted that the term "randomly" as used herein may also encompass the meaning

of the terms "substantially randomly" and/or "pseudo-randomly".

[0125] According to some embodiments, the customers' shopping behavior may be

monitored. Parameters that may be monitored may for example include the selection of

product items (e.g., quantity and/or type product items selected) to identify specific changes

in shopping patterns (e.g., changes with respect to history of anticipated cumulative weights

for a given customer); changes in factual cumulative weights from an mean anticipated



cumulative for a plurality of checkouts for a given customer; navigation time of customer

about retail store 105; dwell time of a customer in a particular area of retail store 105;

corrections and/or cancelations made with his/her D 130 when acquiring weight

information; and/or time stamps when customers enter and/or leave retail store 105.

Various sensors, including for example cameras (not shown) may be used to monitor the

behavior of customers navigating about retail store 105.

[0126] The distances of factual cumulative weights from an mean anticipated cumulative

respective of a given customer may be monitored by checkout validation engine 150 through

RC terminal weight scales 111. Data descriptive of the distances of factual cumulative

weights may for example be stored in RC server database 121. The monitoring may be

performed to identify recurring patterns. If for example a recurring pattern in distances

from the deviation threshold is identified, validation engine 150 may for example provide an

indication (e.g., via the respective RC terminal 110A) that weight-information respective of

the product items placed in the shopping receptacle is to be reacquired to determine

whether the customer engages in fraudulent activity. The reacquisition of weight-

information may for example be performed by personnel and with equipment of retail store

105 and/or by reader device 130 which is associated to the customer.

[0127] According to some embodiments, historical values of anticipated cumulative weights

may be stored by checkout validation engine 150 in server database 120. A history of

anticipated cumulative weights of a given customer may be expressed in the distribution of

anticipated cumulative weights as acquired for a plurality of checkouts processed for the

same customer. In other words, the anticipated cum ulative weight of a respective plurality

of checkouts may be in some embodiments be referred to as a random variable, in addition

to the weight of the individual product items loaded in the shopping receptacle.

[0128] Based on a customer's history of anticipated cumulative weights (and which were

validated with respect to corresponding factual cumulative weights), checkout validation

engine 150 may estimate, based on a currently anticipated cumulative weight, the likelihood

that the customer has forgotten to place a product item in his/her shopping receptacle 140.

The likelihood may for example be determined relative to one or more deviation thresholds.

For example, if the current anticipated cumulative weight is smaller than the historical mean

of anticipated cumulative weights, and the difference between current anticipated

cumulative weight (e.g., 52 kg) and the historical mean of anticipated cumulative weights



(e.g., 48 kg) exceeds a deviation threshold, checkout engine 150 may provide a

corresponding output, e.g., t o the customer via product item D 130. In some

embodiments, checkout engine 150 determines whether the number of product items

placed in the shopping receptacle matches the number of product items for which the

customer acquired product information.

[0129] In one embodiment, the current anticipated cumulative weight may be taken into

account for determining the historical mean. In another embodiment, only anticipated

cumulative weights previous to the current anticipated cumulative weight may be taken into

account for determining the historical mean. Checkout validation engine 150 may estimate,

based on the difference in the mean weight and the historical mean which product item or

items the given customer may have forgotten to place in his/her shopping receptacle 140.

[0130] According to some embodiments, the current anticipated cumulative weight may be

compared against a measure in deviation (e.g., standard deviation) from the historical mean.

Accordingly, a deviation-difference threshold may be set with respect to the measure of

deviation (e.g., standard deviation) from the historical mean.

[0131] The deviation-difference threshold can be defined as a multiplicative factor of a

standard deviation of historical anticipated cumulative weights of shopping receptacles

associated with a given customer.

[0132] For example, if the current anticipated cumulative weight is below the deviation-

difference threshold, checkout engine 150 may provide a suitable output to the given

customer.

[0133] The current mean anticipated cumulative may for example be 48 kg, while the

historical average of mean anticipated cumulatives may be 55 kg. The standard deviation of

historical anticipated cumulative weights from the historical average may be 2.3 kg.

Accordingly, the current anticipated cumulative weight may deviate from the standard

deviation by (48 kg-55 kg)/2.3kg = 3.4 standard deviations. Further, the deviation-difference

threshold may be set as 0.3 standard deviations below the lower limit of 3 standard

deviations, i.e., as 3.3 standard deviations below the mean. Hence, the current anticipated

cumulative weight by 0.1 standard deviations lower from the deviation-difference threshold.

Responsive on determining the said difference of 0.1 standard deviations from the deviation-

difference threshold, checkout engine 150 may provide the given customer with an output

indicating that he/she might have forgotten to proceed with a product item to checkout.



Moreover, based on the difference from the deviation-difference threshold, checkout engine

150 may estimate and suggest t o the customer which product item he/she might have

forgotten t o place in shopping receptacle 130.

[0134] It is noted that in some embodiments, the factual cumulative mean may be

compared against the deviation-difference threshold to identify whether the customer has

forgotten t o place a product item into his/her shopping receptacle.

[0135] In some embodiments, a plurality of historical anticipated cumulative weights may be

subdivided into a plurality of groups e.g., by checkout engine 150, for example, depending

on the product items and/or deviations from the mean anticipated cumulative weight. For

example, anticipated cumulative weights may be associated with a first group if their weights

are above the mean and deviate from the standard deviation within a band or range of 0.5

to less than 1.5 standard deviations; and anticipated weights may be associated with a

second group if their weights are above the mean and deviate from the standard deviation in

band or range from 1.5 to less than 3 standard deviations. Checkout engine 150 may

determine based on the current anticipated cumulative weight and/or the product items

scanned by the customer, into which one of the two groups a current anticipated cumulative

weight of a given respective shopping receptacle belongs. Based the association of the

current anticipated cumulative weight to a group, checkout engine 150 may estimate the

likelihood that the customer has forgotten to shop for a product item. In the event checkout

engine 150 estimates that such likelihood exceeds a threshold, the checkout engine 150 may

provide the customer with a corresponding output.

[0136] In some embodiments, the identification of product items may be based on a weight

uniquely assigned to each one of the product items, even for product items of the same

type. In other words, a weight-I D may be assigned to each product items for example in C

server database 121. Based on weight alone, checkout engine 150 may be operative to

identify each product item individually placed on RC terminal weight scale 111.

Correspondingly, checkout engine 150 may be operative to determine whether the factual

cumulative weight of a shopping receptacle matches the anticipated cumulative weight and,

accordingly, allow for the customer t o proceed with the checkout. Whether a factual

cumulative weight matches the anticipated cumulative weight may be determined, e.g.,

within an error which may be dependent on the uniform distribution of the weight scale



employed for assigning a weight-ID and/or on the uniform distribution of C terminal weight

scale 111.

[0137] Additional reference is made to FIG. 3. A indicated by box 310, the method may

include, for example, determining a mean anticipated cumulative weight and distribution

from the mean anticipated cumulativeweight for at least one product item for which a

customer initiated the acquisition of respective-information.

[0138] For example, step 310 may comprise employing, for product items for which sample

weights are available defining parameter constraints, Monte Carlo simulation by randomly

generating values of parameters that are descriptive of Xi and Normal distributions. Based

on these parameters, a population mean value and a standard deviation can be determined.

[0139] As indicated by box 320, the method may include determining a factual cumulative

weight of the customer's shopping receptacle placed on the retail checkout weight scale of

the retail checkout system. As indicated by box 330, the method may include determining

whether the factual cumulative weight meets a checkout criterion with respect to the

distribution from the mean anticipated cumulative weight.

[0140] The various features and steps discussed above, as well as other known equivalents

for each such feature or step, can be mixed and matched by one of ordinary skill in this art to

perform methods in accordance with principles described herein. Although the disclosure

has been provided in the context of certain embodiments and examples, it will be

understood by those skilled in the art that the disclosure extends beyond the specifically

described embodiments t o other alternative embodiments and/or uses and obvious

modifications and equivalents thereof. Accordingly, the disclosure is not intended to be

limited by the specific disclosures of embodiments herein.

[0141] For example, any digital computer system (exemplified herein as retail checkout

system 100) can be configured or otherwise programmed to implement a method disclosed

herein, and to the extent that a particular digital computer system is configured to

implement such a method, it is within the scope and spirit of the disclosure. Once a digital

computer system is programmed to perform particular functions pursuant to computer-

readable and executable instructions from program software that im plements a method

disclosed herein, it in effect becomes a special purpose computer particular to an

embodiment of the method disclosed herein. The techniques necessary to achieve this are

well known to those skilled in the art and thus are not further described herein. The



methods and/or processes disclosed herein may be implemented as a computer program

product such as, for example, a computer program tangibly embodied in an information

carrier, for example, in a non-transitory tangible computer-readable or non-transitory

tangible machine-readable storage device and/or in a propagated signal, for execution by or

to control the operation of, a data processing apparatus including, for example, one or more

programmable processors and/or one or more computers. The terms "non-transitory

tangible computer-readable storage device" and "non-transitory tangible machine-readable

storage device" encompasses distribution media, intermediate storage media, execution

memory of a computer, and any other medium or device capable of storing for later reading

by a computer program implementing embodiments of a method disclosed herein. A

computer program product can be deployed to be executed on one computer or on multiple

computers at one site or distributed across multiple sites and interconnected by a

communication network.

[0142] Computer-readable and executable program instructions may be provided to a

processor of a general purpose computer, special purpose computer, or other

programmable data processing apparatus to produce a machine, such that the instructions,

which execute via the processor of the computer or other programmable data processing

apparatus, create means for implementing the functions/acts specified in the flowchart

and/or block diagram block or blocks. These computer readable and executable program

instructions may also be stored in a computer readable storage medium that can direct a

computer, a programmable data processing apparatus, and/or other devices to function in a

particular manner, such that the computer readable storage medium having instructions

stored therein comprises an article of manufacture including instructions which implement

aspects of the function/act specified in the flowchart and/or block diagram block or blocks.

[0143] The computer readable and executable program instructions may also be loaded

onto a computer, other programmable data processing apparatus, or other device to cause a

series of operational steps to be performed on the computer, other programmable

apparatus or other device to produce a computer implemented process, such that the

instructions which execute on the computer, other programmable apparatus, or other

device implement the functions/acts specified in the flowchart and/or block diagram block

or blocks.



[0144] In the discussion, unless otherwise stated, adjectives such as "substantially" and

"about" that modify a condition or relationship characteristic of a feature or features of an

embodiment of the invention, are to be understood to mean that the condition or

characteristic is defined to within tolerances that are acceptable for operation of the

embodiment for an application for which it is intended.

[0145] Unless otherwise stated, the use of the expression "and/or" between the last two

members of a list of options for selection indicates that a selection of one or more of the

listed options is appropriate and may be made.

[0146] It should be understood that where the claims or specification refer to "a" or "an"

element, such reference is not to be construed as there being only one of that element.

[0147] While this disclosure has been described in terms of certain embodiments and

generally associated methods, alterations and permutations of the embodiments and

methods will be apparent to those skilled in the art. The disclosure is t o be understood as

not limited by the specific embodiments described herein, but only by the scope of the

appended claims.



WHAT IS CLAIMED IS:

A retail checkout system for allowing a plurality of customers to checkout one or

more product items of at least one set of product items of a given type that has an

estimated mean weight and a deviation from the estimated mean weight associated

with the set of product items, the system comprising:

a retail checkout weight scale; and

a checkout engine that is operative to:

determine a mean anticipated cumulative weight and a distribution from the

mean anticipated cumulative weight for at least one product item for which a

customer initiated the acquisition of respective weight-information;

determine a factual cumulative weight of a customer's shopping receptacle

placed on the retail checkout weight scale; and

determine whether the factual cumulative weight meets a checkout criterion

with respect to the distribution from the mean anticipated cumulative weight.

The retail checkout system according to claim 1, wherein the checkout engine is

further operative to:

monitor the shopping behaviour of a customer, and based on the monitored

shopping behaviour,

associate a shopping pattern to the customer.

The retail checkout system according to claim 1 or 2, wherein the determination of a

mean anticipated cum ulative weight and a distribution from the mean anticipated

cumulative weight for at least one product item for which a customer initiated the

acquisition of respective weight-information, comprises:

estimating, based on sample weights of product items of the same type,

parameters of a Xi distribution function by employing Monte Carlo simulation, and

based on the estimated parameters of the Xi distribution function, estimating

parameters of a Normal Distribution of weights for a population of sets of product

items.



4. The retail checkout system according to claim 3, wherein the estimating of

parameters of a Xi-distribution comprises estimating a sample variance of weights for

a population of product items of the same type.

5. The retail checkout system according to claim 3 , further comprising, based on the

estimated parameters the Xi-distribution function, estimating a mean weight and

standard deviation for the population of product items.

6. The retail checkout system according to claim 1, wherein the determination of the

mean anticipated cumulative weight further comprises, for product items for which

no sampled weights are available:

generating a system of linear equations, wherein each equation describes, per

a customer that has checked out, the factual cumulative weight with the number of

product items selected by the customer multiplied by a respective unknown weight

of the selected product item, and

solving the system of linear equations for the respective unknown weights,

provided that such system of linear equations is not underdetermined.

7. The retail checkout system according to claim 6, wherein the solving of system of the

linear equations comprises employing a least square fitting method.

8. The retail checkout system according to claim 1, wherein the checkout engine is

further operative to:

determine, based on the nominal weights assigned to the product items

loaded into the shopping receptacle, the anticipated cumulative weight of the

shopping receptacle.

9. The retail checkout system according to claim 1, wherein the determination of the

mean anticipated cumulative weight comprises applying a Maximum Likelihood

Estimation to obtain an estimate of a mean weight for a set of product items of the

same type.



10. The retail checkout system according to claim 1, wherein the checkout engine

enables settling payment for product items selected and placed by the customer into

the shopping receptacle without requiring the removal of the product items from the

shopping receptacle.

11. A computer program product for allowing a plurality of customers to checkout one or

more product items of at least one set of product items of a given type that has an

estimated mean weight and a deviation from the estimated mean weight associated

with the set of product items, the computer program product comprising: a non-

transitory tangible storage medium readable by a processing circuit and storing

instructions for execution by the processing circuit for performing a method

comprising:

determining a mean anticipated cumulative weight and a distribution from

the mean anticipated cumulative weight for at least one product item for which a

customer initiated the acquisition of respective weight-information;

determining a factual cumulative weight of a customer's shopping receptacle

placed on the retail checkout weight scale; and

determining whether the factual cumulative weight meets a checkout

criterion with respect t o the distribution from the mean anticipated cumulative

weight.

12. The computer program product of claim 11, further operative to:

monitor the shopping behaviour of a customer, and based on the monitored

shopping behaviour,

associate a shopping pattern to the customer.

13. The computer program product of claims 11 or 12, wherein the determining of a

mean anticipated cumulative weight and distribution from the mean anticipated

cumulative weight for at least one product item for which a customer initiated the

acquisition of respective weight-information, comprises:

estimating, based on sample weights of product items of the same type,

parameters of Xi distribution function by employing Monte Carlo simulation, and



based on the estimated parameters of the Xi distribution function, estimating

parameters of a Normal Distribution of weights for a population of sets of product

items.

14. The computer program product according to claim 13, wherein the estimating of

parameters of a Xi-distribution comprises estimating a sample variance of weights for

a population of product items of the same type.

15. The computer program product according to claim 14, further comprising, based on

the estimated sample variance of weights of a population of product items,

estimating a mean weight and a standard deviation for the population of product

items.

16. A method for allowing a plurality of customers to checkout one or more product

items of at least one set of product items of a given type that has an estimated mean

weight and a deviation from the estimated mean weight associated with the set of

product items, comprising:

determining a mean anticipated cumulative weight and a distribution from

the mean anticipated cumulative weight for at least one product item for which a

customer initiated the acquisition of respective weight-information;

determining a factual cumulative weight of a customer's shopping receptacle

placed on the retail checkout weight scale; and

determining whether the factual cumulative weight meets a checkout

criterion with respect t o the distribution from the mean anticipated cumulative

weight.

17. The method of claim 16, further comprising:

monitoring the shopping behaviour of a customer, and based on the

monitored shopping behaviour,

associating a shopping pattern to the customer.



18. The method of claim 16 or 17, wherein the determining of a mean anticipated

cumulative weight and a distribution from the mean anticipated cumulative weight

for at least one product item for which a customer initiated the acquisition of

respective weight-information, comprises:

estimating, based on sample weights of product items of the same type,

parameters of a Xi distribution function by employing Monte Carlo simulation; and

based on the estimated parameters of the Xi distribution function, estimating

parameters of a Normal Distribution of weights for a population of sets of product

items.

19. The method of claim 18, wherein the estimating of parameters of a Xi-distribution

comprises estimating the sample variance of weights for a population of product

items of the same type.

20. The method of claim 18, further comprising, based on the estimated parameters the

Xi-distribution function, estimating a mean weight and a standard deviation for the

population of product items.

21. The method of claim 16, wherein the step of determining the mean anticipated

cumulative weight further comprises, for product items for which no sampled

weights are available:

generating a system of linear equations, wherein each equation describes, per

a customer that has checked out, the factual cumulative weight with the number of

product items selected by the customer multiplied by a respective unknown weight

of the selected product item, and

solving the system of linear equations for the respective unknown weights,

provided that such system of linear equations is not underdetermined.

22. The method of claim 21, wherein the solving of system of the linear equations

comprises employing a least square fitting method.



23. The method of claim 16, wherein the determining of the anticipated cumulative

weight of a shopping receptacle is based on the nominal weights assigned to the

product items loaded into the shopping receptacle.

24. The method of claim 16, wherein the determining the mean anticipated cumulative

weight comprises applying a Maximum Likelihood Estimation to obtain an estimate of

a mean weight for a set of product items of the same type.

25. A computer program product directly loadable into the internal memory of a

computer, comprising software code portions for performing the steps of any of

claims 16 to 24 when the product is run on the computer.

26. A non-transitory tangible computer readable storage medium storing a set of

instructions that are executable by at least one processor of a server to cause the

server to perform a method for allowing a plurality of customers to checkout one or

more product items of at least one set of product items of a given type that has an

estimated mean weight and a deviation from the estimated mean weight associated

with the set of product items, the method comprising:

determining a mean anticipated cumulative weight and distribution from the

mean anticipated cumulative weight for at least one product item for which a

customer initiated the acquisition of respective weight-information;

determining a factual cumulative weight of a customer's shopping receptacle

placed on a retail checkout weight scale; and

determining whether the factual cumulative weight meets a checkout

criterion with respect t o the distribution from the mean anticipated cumulative

weight.

27. The non-transitory tangible computer readable storage medium of claim 27, wherein

the method further comprises:

monitoring the shopping behaviour of a customer, and based on the

monitored shopping behaviour,

associating a shopping pattern to the customer.
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