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(57) ABSTRACT 

A statistical basis for use in a self-scanning checkout system 
determines hoW many items to check in a shopper’s shop 
ping cart for incorrect or missing scans as Well as Which 
particular or types of items to check to determine if they 
Were properly scanned, if the shopper is determined to be 
audited. The present invention does not audit every cus 
tomer, but rather determines Whether a given shopper or 
customer is to be audited on a given shopping trip based 
upon obtaining a minimum checkout loss for such customer. 
The methodology determines hoW many items to check for 
a given shopper as Well as Which particular items to check 
for that shopper. The following factors attempt to model the 
real World of shopping and may be considered, alone or in 
varying combinations, in determining the number of items to 
check for a particular shopping transaction: shopper fre 
quency; queue length; prior audit history; store location; 
time of day, day of Week, date of year; number of times items 
are returned to shelf during shopping; dWell time betWeen 
scans; customer loyalty; store shopping activity and other 
factors. Using statistical decision theory for auditing policies 
a minimum loss per shopper transaction improves the secu 
rity and reduces the labor of self-check out Without being too 
intrusive to customers. 
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STATISTICAL SAMPLING SECURITY 
METHODOLOGY FOR SELF-SCANNING 

CHECKOUT SYSTEM 

[0001] This application is a continuation-in-part of Ser. 
No. 08/787,728, ?led Jan. 24, 1997, Which parent applica 
tion claims the bene?t of US. Provisional Application No. 
60/011,054, ?led Jan. 25, 1996, assigned to the same 
assignee as that of the present application, and is incorpo 
rated fully herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to self-service shopping, and 
in particular to a methodology for improving the security of 
a self-service shopping system by the use of statistical 
sampling of shoppers and their purchases. 

[0003] Self-service shopping systems are desired for their 
ability to offload service-oriented functions from human 
labor forces and provide automatic assistance to the shopper 
for increase in response time, ef?ciency, throughput, loWer 
cost, and the like. For eXample, systems in the prior art 
provide each shopper With a portable bar code scanning 
device, Which is used to scan the bar code located on a 
product in order to determine the price by accessing a locally 
stored look-up table and keep a tally list of all items selected 
for purchase. When the shopper is ?nished selecting items 
for purchase and scanning the bar codes on the items, he 
places the self-scanner into a recess in a stationary (i.e., 
Wall-mounted) cradle, Wherein a list of items selected is 
printed out for a receipt and provided to the shopper. The 
shopper then brings the list along With the cart of selected 
items to a clerk for tender of ?nal payment and, possibly, an 
audit of items selected for purchase in order to ensure that 
all items selected and placed in the cart Were properly 
scanned. This self-service scenario speeds shoppers through 
the store quicker than the conventional conveyor belt/cashier 
environment typical in stores today. 

[0004] Security in a self-service shopping system as 
described above is a major concern of retailers. Shoppers 
Who fail to scan the bar code of an item placed in their 
shopping cart Will bring the item home Without proper 
payment, Whether such failure to scan the item is intentional 
or inadvertent. In addition, shoppers may scan an item but 
place a different (i.e. more expensive) item in their cart. 
Therefore, some methodology of checking shoppers’ pur 
chases must be implemented in order to satisfy security 
criteria. 

[0005] TWo goals of a self-checkout system are to increase 
shopper throughput and to save in labor costs. Ideally, a 
shopper can scan his items When selected from the shelf and 
save scanning time at the checkout line. In addition, stores 
Would require less human labor since there is a reduction in 
the number of cashiers required. HoWever, there is still a 
requirement to scan some items from a shopper’s cart if a 
shopper is determined to be audited in order to ?ag an 
attempted theft as Well as to provide deterrence against 
pilferage. Thus, some labor is required to scan at least some 
of the items leaving the store. At one eXtreme, a system 
Where every shopper has all of his purchase items re 
scanned is not feasible since there is no net time savings in 
such a system (all purchases are scanned by a cashier 
anyWay). There is therefore a need to determine Whether a 
shopper needs to be audited and hoW many and Which items 
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are to be scanned in order to maXimiZe the potential for 
catching pilferage, provide maXimum deterrence against 
theft, minimiZe labor costs in checking the shoppers’ 
scanned items, maintain the increased throughput achieved 
by the self-checkout system, and avoid the negative infer 
ences inherently made by shoppers Whose items are checked 
by an eXit cashier or security guard. 

[0006] Prior art proposals for checkout security require a 
cashier to check only certain shoppers, but to scan their 
entire cart full of goods. This type of system is unsatisfactory 
for those shoppers Who are selected for full checking, since 
they must Wait for the entire cart to be re-scanned (thus 
defeating the purpose of the self-checkout system), suffer 
potential embarrassment at being singled out by the store for 
security checking, etc. Thus, an entirely neW methodology is 
needed to supplant this security checking system. 

SUMMARY OF THE INVENTION 

[0007] The present invention proposes the implementation 
of a statistical basis for use in a self-scanning checkout 
system for determining Whether a shopper or customer 
should be audited and hoW many items to check in a 
shopper’s shopping cart for incorrect or missing scans as 
Well as Which particular or types of items to check to 
determine if they Were properly scanned. In the present 
invention, a fraction of the shoppers, depending upon an 
algorithm, Will be checked by a cashier or security guard, but 
only a limited and select number of items Will be checked for 
each shopper. The present methodology determines hoW 
many items to check for a given shopper as Well as Which 
particular items to check for that shopper. The folloWing 
factors may be considered, alone or in varying combina 
tions, in determining the number or type of items to check 
for a particular shopping transaction: shopper frequency (the 
number of times the shopper has visited that store), queue 
length (the length of the checkout line at that time); prior 
history (check more items if the shopper has had errors in the 
past, check less items if the shopper has had no errors in the 
past), store location (check more items in stores located in 
areas With a high risk of pilferage); time of day, day of Week, 
date of year (determine if pilferage more likely at certain 
times of day or year); number of times items are returned to 
shelf during shopping; dWell time betWeen scans, and other 
factors. 

[0008] In a method aspect of the present invention, pro 
vided is a method for use in a self-service shopping checkout 
system Wherein a shopper is provided With a self-scanning 
terminal for the scanning of the bar code of an item selected 
for purchase prior to depositing the item into a shopping 
cart, and Wherein a list of items self-scanned by the shopper 
is compiled and made available to a cashier for surveillance 
and payment purposes. The method performs a security 
check to determine if the shopper did not likely fail to scan 
an item prior to depositing the item into the shopping cart. 
The method comprises the steps of determining, as a func 
tion of a plurality of input criteria, Whether a shopper should 
be audited and the number of items n to be scanned, 
selecting from the shopper’s cart of items presented for 
purchase n items to be scanned, scanning a bar code located 
on each of said n items selected for scanning, alloWing the 
shopping transaction if each item selected for scanning is 
present on the list of self-scanned items compiled by the 
shopper, and disalloWing the shopping transaction if any 
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item selected for scanning is not present on the list of 
self-scanned items compiled by the shopper. The number of 
items n is determined as a function of the criteria mentioned 
above. The method further comprises the steps of selecting 
items at random system checks and determining Whether 
more items are needed to be checked until statistical sig 
ni?cance is achieved. 

[0009] In a systems aspect, the present invention com 
prises several alternative embodiments. In each embodi 
ment, a self-service shopping checkout system comprises a 
plurality of portable self-checkout devices, Wherein each of 
the self-checkout devices is to be used by a customer to scan 
a bar code located on an item to be purchased so as to record 
therein a list of such items to be purchased. In one embodi 
ment, a stationary dispenser unit is used for the releasable 
containment of said plurality of portable self-checkout 
devices and transmission of data stored in the devices by 
Wireline to a host computer for processing; and a plurality of 
point-of-sale terminals using the host processing to check 
out the customer. In another embodiment, the portable 
device contains a Wireless transceiver for transmitting the 
data stored in the device directly to the host computer in lieu 
of storing the data in the device and using the dispenser to 
transmit the stored data to the computer. In still another 
embodiment, the portable device is a dumb terminal for 
collecting and storing the shopping data Which may be used 
in conjunction With a kiosk to determine the prices and cost 
of items selected for purchase. The kiosk contains a display 
and a rack for receiving the dumb terminal to communicate 
With the host computer by Wireline or a Wireless link. In 
response to customer inputs, the desired information is 
presented on the display. Alternatively, the customer may 
place the dumb terminal in a cradle at the checkout stand. 
The cradle loads the data in the dumb terminal into the host 
computer for processing and check out of the customer. 

[0010] In the present system, each of the portable self 
checkout devices comprises bar code scanning means for 
scanning and decoding a bar code located on an item to be 
purchased, means for compiling a list of items scanned by 
said customer, and a data output port for alloWing transfer of 
said scanned item list to an associated data port located in a 
dispenser external to said portable device or by Wireless link 
directly to a host computer for processing the shopper’s 
items selected for purchase. In one embodiment, the dis 
penser unit of the system comprises a plurality of device 
containment slots, each of said slots being con?gured for 
releasable containment of a mating self-scanning device, 
each of said slots having associated thereWith a data input 
port suitable for mating With a data output port located on a 
portable self-checkout device, and a printer for printing a 
tally list of items scanned for purchase by said shopper, said 
tally list being supplied by a self-checkout device after said 
self-checkout device is returned to a device containment slot 
after being used by a shopper, said tally list further com 
prising a bar code encoded With said items scanned by said 
shopper, a unique identi?cation record associated With said 
shopper, and the number of items scanned by said shopper. 
Each of the point-of-sale terminals in the present system 
comprises bar code reading means for reading said tWo 
dimensional bar code from a tally list presented to a cashier 
operating said point-of-sale terminal, said bar code reading 
means providing as output data signals representing said 
items scanned by said shopper, a unique identi?cation record 
associated With said shopper, and the number of items 
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scanned by said shopper. Each of the point-of-sale terminals 
in the present system comprises bar code reading means for 
reading said tWo-dimensional bar code from a tally list 
presented to a cashier operating said point-of-sale terminal, 
said bar code reading means providing as output data signals 
representing said items scanned by said shopper, said unique 
identi?cation record associated With said shopper, and said 
number of items scanned by said shopper; said bar code 
reading means also con?gured so as to scan select items 
presented for checking by said cashier; means for determin 
ing, as a function of said number of items scanned by said 
customer and an internally stored check number unique to 
said customer, the number of items n to be scanned by the 
cashier; means for comparing the identity of the items 
scanned by said cashier With the list of items scanned by said 
customer; means for alloWing the shopping transaction if 
each item selected for scanning by the cashier is present on 
the list of self-scanned items compiled by the shopper; and 
means for disalloWing the shopping transaction if any item 
selected for scanning by the cashier is not present on the list 
of self-scanned items compiled by the shopper. 

[0011] The present invention may be further enhanced 
using other auditing factors as a basis for statistical tech 
niques for self-check out. Among the audit factors for such 
self-checkout are shopper audit history, loyalty of shoppers, 
regional differences and other factors Which attempt to 
model the real World to obtain the minimum checkout loss 
for a shopper. After a determination Whether a shopper 
should be audited and, if so, hoW many items should be 
selected for audit, a shopping transaction is alloWed accord 
ing to a statistical decision if the minimum check-out loss for 
the transaction is less than a threshold de?ned by a loss 
function L(c) and (p), Where L(c) is the eXpected inventory 
loss associated With the shopper and is the probability of 
performing an audit on the shopper. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] FIG. 1 is a diagram of the input criteria used in the 
present invention; 

[0013] FIG. 2 is a How chart of the method of the present 
invention; 
[0014] FIG. 3 is a block diagram of the system of the 
present invention; 

[0015] FIG. 4 is a block diagram of the self-scanning 
terminal of the present invention; and 

[0016] FIG. 5 is a block diagram of the host computer of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0017] In FIG. 1, the present methodology determines 
hoW many items to check for a given shopper transaction as 
Well as Which particular items to check for that shopper, 
using the folloWing input criteria Which may be considered, 
alone or in varying combinations: shopper’s prior history A 
(check more items if the shopper has had errors in the past, 
check less items if the shopper has had no errors in the past); 
store location and demographics B (check more items in 
stores located in areas With a high risk of pilferage); number 
of shopper’s in checkout queues or queue length C (the 
length of the checkout line at that time); shopper’s scan 
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habits D or the number of times items are returned to shelf 
during shopping, and dwell time betWeen scans; time of day, 
day of Week date of year E (determine if pilferage more 
likely at certain times of day or year); and types of items 
scanned F. Other factors may include, shopping frequency 
(the number of times the shopper has visited that store). 

[0018] In FIG. 2, a method for performing a security 
check to determine if the shopper did not likely fail to scan 
an item prior to depositing the item into the shopping cart 
comprises the steps of G generating a plurality of input 
criteria for self-check out; H determining if the customer is 
to be audited, i.e items to be re-scanned; I performing a 
statistical determination of Which items (R) to be selected 
and scanned; J performing a statistical determination of hoW 
many items of the selected items to check in a shopper’s 
basket; K generating a list of items to check; L selecting 
from the shopper’s cart of items presented for purchase n 
items to be scanned including M the step of properly 
scanning a bar code located on each of said n items selected 
for scanning from the chart for proper scanning; N alloWing 
the shopping transaction if each item selected for scanning 
is present on the list of self-scanned items compiled by the 
shopper; O disalloWing the shopping transaction if any item 
selected for scanning is not present on the list of self 
scanned items compiled by the shopper; and P adjusting the 
security parameters for the neXt shopping transaction and 
providing the adjusted security parameters to the input 
criteria. In an alternate embodiment, the system may advise 
the cashier or security guard as to the number of items to 
check in step J Without specifying Which items to check. 

[0019] FIG. 3 illustrates a block diagram of the secure 
self-service shopping system of the present invention. The 
system 2 comprises, at the top level, a scanner dispenser 2, 
a host computer system 4, and a plurality of point of sale 
(POS) terminals 6. The host computer 4 is a standard 
computer system Well knoWn in the prior art and found in 
retail establishments such as supermarkets for controlling 
operations of the supermarket, as modi?ed as described 
beloW to carry out the methods and functions of the present 
invention. In particular, the host computer 4 is capable of 
interfacing With the scanner dispenser 2 for data communi 
cations therebetWeen in accordance With the present inven 
tion as Will be described more fully beloW. LikeWise, each 
POS terminal 6 is a standard POS computer system Well 
knoWn in the prior art and found in retail establishments 
such as supermarkets for controlling checkout functions of 
the supermarket, such as purchase item entry and payment 
tender functions, as modi?ed as described beloW to carry out 
the methods and functions of the present invention. In 
particular, the POS terminal 6 is capable of interfacing With 
the host computer 4 for data communications therebetWeen 
in accordance With the present invention as Will be described 
more fully beloW. 

[0020] The scanner dispenser 2 is a stationary, i.e., Wall 
mounted chassis, Which comprises a plurality of interface 
slots 10 con?gured to physically and electrically mate With 
an associated portable scanning terminal 100, shoWn in 
detail in FIG. 4. Each terminal 100 is placed Within an 
associated recess in the dispenser 2 for data transfer func 
tions, battery recharge, etc., after the shopper has used the 
scanning terminal for self-service scanning functions. After 
data has been transferred betWeen the terminal 100 and the 
dispenser 2, as Will be described beloW, and the terminal 
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poWer supply (i.e. battery) is deemed to be suitable for 
re-use, then the dispenser 2 Will alloW a subsequent shopper 
to select that terminal for use in his or her shopping 
functions. The dispenser 2 also comprises a control process 
ing section 12, a memory section 14, a printer 16, a card 
reader 18, a host I/O section 20, and a display 22, all of 
Which Will be described beloW in further detail. 

[0021] When a shopper desires to obtain a scanning ter 
minal 100 from the dispenser 2, he accesses the system by 
presenting a coded identi?cation card to the card reader 
portion of the dispenser 2. The card reader may be a 
magnetic stripe reader, Which is Well knoWn in the art. In this 
case, the shopper presents a “loyalty card” having an asso 
ciated encoded magnetic stripe, comprising data indicative 
of the identity of the shopper. The shopper may also present 
a credit card, smart card, debit card or the like having a 
suitable encoded magnetic stripe. In an alternative embodi 
ment, the card reader 18 may be a bar code symbol scanning 
device, suitable for reading a one or tWo dimensional bar 
code symbol printed on a loyalty card, driver’s license or the 
like, for obtaining therefrom the required identi?cation data. 
Any type of technology Which lends itself toWards the use of 
automatic identi?cation may be implemented by this system. 

[0022] Once the control section 12 of the dispenser 2 has 
determined that the requesting user is alloWed to access a 
terminal 100 (i.e. the shopper is a member of the self-service 
shopping system), a terminal is assigned to the user and the 
identity of the assigned terminal is signaled to the user in any 
of various Ways. For eXample, an LED associated With and 
in close proximity to the assigned terminal may be caused to 
blink on and off, thus catching the attention of the shopper 
and indicating that he should select that terminal. LikeWise, 
appropriate instructions may be displayed to the shopper via 
the display 22, such “Please take terminal number 17” or the 
like. Concurrently thereWith, a locking mechanism Which 
may be used for terminal security purposes to prevent 
unauthoriZed removal of the terminal Will be disabled by the 
dispenser control logic 12, thus enabling the removal of the 
assigned terminal 100 from the dispenser 2 by the shopper. 

[0023] The scanning terminal 100 shoWn in block dia 
grammatic form in FIG. 4 is a lightWeight, portable, hand 
holdable device Well suited for carrying by the shopper and 
performing data entry functions such as keypad entry and/or 
bar code scanning of items selected for purchase. The 
terminal 100 comprises a scanning module 102, a decoder 
104, a keypad 106, a display 108, a dispenser interface 
section 110, a control section 112, an items scanned memory 
section 114, a price look-up table 116, and, optionally, a 
Wireless transceiver 118 and antenna 120, all of Which 
function in operative association With bus 122 as further 
described. 

[0024] The scanning module 102 and decoder 104 operate 
in conjunction in a manner Well knoWn in the art to alloW the 
user to scan a bar code located on an item selected for 

purchase and input onto bus 122 for subsequent processing. 
For eXample, in the preferred embodiment, the scanning 
module 102 is a laser bar code scanner Which utiliZes a laser 
light source, a scanning means such as a mirror mounted on 
a miniature motor, and a photosensor for receiving light 
re?ected from a target bar code and for converting the 
received re?ected light into an electrical signal indicative of 
the degrees of re?ectivity of the various portions of the bar 
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code. The scanning module also comprises signal processing 
Which digitiZes the signal from the photosensor so that the 
decoder may perform an analysis thereon to determine the 
data represented by the bar code. A laser scanning device 
such as this is Well knoWn in the art and may be found, for 
example, in US. Pat. No. 5,479,000, Which is incorporated 
by reference herein. In addition, the scanning module may 
be of the CCD type, Which utiliZes a linear or tWo-dimen 
sional CCD array for capturing the re?ected light (ambient 
or otherWise) from the target bar code and for generating an 
associated signal Which is processed in accordance With 
techniques Well knoWn in the art. 

[0025] After the user has scanned a bar code from a target 
item, the decoded data signal indicative of the data repre 
sented by the target bar code is output by the decoder onto 
the bus 122. The decoded data is used to fetch price and item 
description information from the price look-up table 116, 
Which is in turn sent to the display 108 for display to the 
user. The price and description data is also sent to the item 
scanned memory 114 for storage therein such that the item 
scanned memory 114 Will compile a tally list of all items 
scanned by the user in that shopping trip. 

[0026] If desired, the user may delete an item from the 
tally list by scanning the bar code of the item and depressing 
an appropriate function key found on the keypad, eg a 
“minus” key, to signal to the control logic 112 that the 
associated scanned bar code is to removed from, rather than 
added to, the tally list in the memory 114. Thus, When the 
user changes his mind about the purchase of an item 
scanned, he may re-scan the item, press the appropriate 
return key, place the item back on the shelf, and the tally list 
Will re?ect accurately only those items intended to be 
purchased by the user. 

[0027] The user may, at any desired time, obtain a subtotal 
of the items scanned for purchase and resident in memory 
114 by depressing an appropriate key on the keypad 106, eg 
a “subtotal” key. This key Will cause the control logic section 
112 to fetch the price of each item from the memory 114, add 
the prices together, and display the total on the display 108. 
This enables the user to ensure that he has not exceeded a 
certain spending limit. 

[0028] In another embodiment, as an alternative to looking 
up the price and description of the scanned item from a 
terminal-resident memory such as the look-up table 116, the 
terminal 100 may employ Wireless communication With the 
host computer 4 via the optional Wireless transceiver 118 
and antenna 120. In such an embodiment, the price and item 
description information is stored in the price look-up table 
210 at the host computer 4, as shoWn in FIG. 5. The decoded 
bar code data is sent via the transceiver 118 to the associated 
antenna 203 and transceiver 202 at the host computer 4, 
Which fetches the price and item description from its price 
look-up table 210 and sends it back to the terminal 100 via 
the Wireless link. This type of embodiment eliminates the 
need for a look-up table to be stored in each terminal 100, 
and changes to the data in the price look-up table may be 
made at the host rather than requiring each terminal 100 to 
be revised When the price or item description is changed. 

[0029] In addition, When a Wireless data link is used to 
alloW communications betWeen the terminal 100 and the 
host 4, then the tally list of items scanned may be kept in an 
appropriate memory location in the items scanned memory 
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212 at the host computer 4 rather than utiliZing an on-board 
memory 114. Deletion of an item and acquisition of a 
subtotal may be likeWise eXecuted through the Wireless link 
rather than performing those functions at the terminal 100. 

[0030] The Wireless link may be accomplished via an RF 
(radio frequency) link, Which is Well knoWn in the art and is 
described in detail in US. Pat. No. 5,157,687; Which is 
incorporated by reference herein. In an RF based scenario, 
the host transceiver Would likely be physically located near 
the host since communications With the terminals need not 
be in close proXimity. In the alternative, other Wireless 
technologies such as infrared communications may be 
implemented, With transceiver stations strategically located 
throughout the store for communications With each terminal 
100 as the shopper proceeds through the store. 

[0031] In still another embodiment, the terminal 100 may 
be used in conjunction With a kiosk located in the store to 
provide the customer for information purposes only a list of 
the items scanned, the item prices and the cost of purchase. 
In such case, the terminal 100 maybe a “dumb terminal” and 
simpli?ed to eliminate costly functions, such as control, 
display and other functions. The kiosk contains a receptacle 
for receiving the terminal; a display and a keyboard for 
communication With the host computer. In use, the terminal 
Would be loaded into the receptacle and the scanned items 
loaded into the host computer for processing in accordance 
With customer inputs through the keyboard. The processing 
results Would be shoWn on the display. The kiosk may 
communicate With the host computer by Wireline or Wireless 
link, as previously indicated. As an alternative, the customer 
may load the “dumb terminal” into a cradle at the checkout 
stand Whereupon the scanned items Would be loaded into the 
host computer for check-out processing. 

[0032] Returning to FIG. 3, When the shopper has com 
pleted scanning items for purchase, terminal 100 is returned 
back to the scanner dispenser 2 and placed Within an 
appropriate mating recess for communications With the 
scanner interface 10. When the terminal has implemented an 
on-board look-up table 116 and memory 114, then the tally 
list of items scanned is doWnloaded from the memory 114 to 
the host computer 4 for further processing. Along With the 
tally list, data indicative of the identity of the shopper, Which 
is obtained When the shopper initially requests a terminal 
100 from the dispenser 2 as described above, is doWnloaded 
to the host 4. The host 4 thusly has stored therein the identity 
of the shopper along With data indicative of the items 
selected for purchase. If the system is operating in Wireless 
communications mode, then the items scanned memory 212 
at the host computer Will contain the tally list of items 
scanned for purchase for that particular shopper Without the 
need for doWnloading from the scanning terminal at the 
dispenser interface. 

[0033] After determining that the shopper has completed 
selecting and scanning items for purchase, the host computer 
proceeds to determine, in accordance With the present inven 
tion, the items to be checked by the checkout cashier (or 
security guard or the like). Referring to FIG. 5, the host 
computer has stored in a security criteria memory 214 a 
plurality of security criteria Which are used to determine the 
items to check by the cashier, if the shopper is determined 
to be audited. The security criteria include, but are not 
limited to, the folloWing: 
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[0034] 1. Shopper frequency: The frequency of visits of 
the shopper is a factor to consider in determining the number 
of items to check. A counter is kept in memory for each 
member of the self-service system, Which is incremented 
every time the shopper has visited the store. In general, the 
more the shopper has visited the store, the loWer the number 
of items Will be checked and the probability of checking the 
shopper Will be lower, since so-called loyal shoppers Will be 
given the bene?t of having less items checked. 

[0035] 2. Queue length: The host computer Will knoW the 
approximate length of the queue by observing the number 
terminals have been used and returned to the dispenser, but 
Which have not yet been checked out at the POS terminal. 
Since a goal of the system is to maintain a high throughput 
of shoppers, it may be postulated that less items Will be 
checked When the queue length is long. 

[0036] 3. Prior history: The speci?c prior history of the 
particular shopper is stored and used to factor in the deter 
mination of the number of items to be checked. That is, 
shoppers With a prior history of scanning errors, as deter 
mined by the security check at the POS terminal, Will have 
more items checked than shoppers With less errors in the past 
and the probability of re-scanning items of such shopper is 
higher. 
[0037] 4. Store location: Demographic indicia linked to 
the likelihood that pilferage Will occur more frequently in a 
certain geographic location may be factored into the deter 
mination of the number of items to be checked. 

[0038] 5. Time of day/day of Week/date of year: Statistical 
analysis of pilferage as it may be linked to the time of day, 
day of Week or date of year may be factored into the 
determination. 

[0039] 6. Item returns: The host computer Will have infor 
mation available to it as to the number of times a shopper has 
depressed the minus key, Which indicates a scanned item has 
been returned to the shelf. Alikelihood exists that a shopper 
Who has depressed this key an excessive amount of times is 
more likely to have failed to actually return the item to the 
shelf. Thus, the number of items to be checked should 
increase as this factor increases. This factor increases the 
probability of re-scanning and the number of items to be 
checked. 

[0040] 7. DWell time betWeen scans: The elapsed or dWell 
time betWeen scans by the shopper may be examined by 
time-tagging the scans and analyZing the shopping pattern. 
Thus, for example, it may be statistically determined that 
shoppers should scan an item once every minute. When a 
shopper takes ?ve minutes to scan the next item, it may be 
presumed that items may have been selected for purchase 
but not scanned in that interim. Those shoppers With inor 
dinate dWell times may have more items checked. 

[0041] After the host computer 4 has used the security 
criteria as described above in order to ascertain, via the 
security determination logic means 216, the speci?c number 
of items to check for scan accuracy by the cashier or security 
guard, it proceeds to determine if this shopper is to be 
re-scanned (audited) or not, and if so, Which types of items 
the cashier or security guard should look for in selecting the 
items to check. Factors to consider in determining Which 
items to look for from among the shoppers purchases 
include the folloWing: 
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[0042] 1. Statistical determination of highly pilfered 
items: Historically, certain items such as batteries or raZors 
(high cost, small package siZe) have a higher percentage of 
pilferage than other items such as Watermelons (loW cost, 
large package siZe). 

[0043] 2. Prior history: The speci?c prior history of the 
particular shopper is stored and used to factor in the deter 
mination of Which items should be checked. That is, shop 
pers With a prior history of scanning errors for certain items, 
as determined by the security check at the POS terminal, Will 
have those particular items checked. 

[0044] 3. Store location: Demographic indicia linked to 
the likelihood that pilferage of certain items Will occur more 
frequently in a certain geographic location may be factored 
into the determination of the speci?c items to be checked. 

[0045] 4. Time of day/day of Week/date of year: Statistical 
analysis of pilferage of certain types of items as it may be 
linked to the time of day, day of Week or date of year may 
be factored into the determination. 

[0046] 5. Item returns: The host computer Will have infor 
mation available to it as to the number of times a shopper has 
depressed the minus key for certain items, Which indicates 
that scanned item has been returned to the shelf. Alikelihood 
exists that a shopper Who has depressed this key an exces 
sive amount of times is more likely to have failed to actually 
returned the item to the shelf, and thus that item should be 
checked. 

[0047] 6. DWell time betWeen scans: The elapsed or dWell 
time betWeen scans by the shopper may be examined by 
time-tagging the scans and analyZing the shopping pattern. 
Thus, for example, it may be statistically determined that 
shoppers should scan an item once every minute. When a 
shopper takes ?ve minutes to scan the next item, it may be 
presumed that items may have been selected for purchase 
but not scanned in that interim. By analyZing the store 
location as a function of dWell time increase (by checking 
adjacent scans and extrapolating the interim location of the 
shopper), it can be determined Which items should be 
checked. 

[0048] Once the analysis has been made by the host 
computer as to Which speci?c (or types of) items should 
looked for by the cashier or security guard, then data 
indicative thereof is stored along With the number of items 
to be checked for that shopper in the memory of the host 
computer 4. This data is available for doWnload to the 
appropriate POS terminal selected for ?nal checkout by the 
shopper after he has resumed the scanning terminal 100 to 
the dispenser 2. 

[0049] The shopper may then proceed to an appropriate 
POS terminal 6, Which is manned by a cashier for tender of 
payment and security checking of the items selected for 
purchase. When the shopper reaches the POS station, he 
presents his loyalty card (or other suitable automatic iden 
ti?cation card) to the cashier, Who Will present the card to an 
appropriate card reader for automatic identi?cation of the 
shopper. The shopper’s identi?cation data is used to fetch 
from the host computer 4 the tally list of items scanned and 
the data indicative of the number of items to be checked as 
Well as the identity of speci?c items or types of items to look 
for in performing the audit process. 
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[0050] The cashier or security guard reads from the dis 
play at the POS terminal the list of items to check (or from 
a printed version of the list) and selects the items for 
checking. The cashier scans the bar code of each item, and 
if any item scanned is not on the tally list, the cashier or 
security guard is alerted that the shopper has made an error 
in scanning. In this case, the retail establishment may opt to 
re-scan the entire shopping cart, may simply add the item to 
the tally list, or may take some other act it deems appropriate 
for the situation. Data indicative of the mis-scanned item is 
then transmitted from the POS terminal back to the host 
computer and stored in its security criteria memory 214 for 
subsequent processing and subsequent criteria determina 
tion. 

ADDITIONAL SELF CHECKOUT AUDITING 
PROCESSES OR POLICIES 

[0051] A more advanced auditing policy Will increase 
security and further reduce labor. Many factors can be used 
in developing such a policy. Some of the factors that can be 
used in an advanced auditing policy are listed hereinafter in 
Section A. HoW these factors are taken into account by a 
system operator determines the auditing policy. Several 
auditing policies are proposed. One policy is based on 
statistical decision theory and is described in Section B1. A 
policy based on different customers response to auditing is 
given in Section B2. A policy based on Neural NetWorks is 
described in Section B3. 

[0052] A. Factors used in an Advanced Auditing Policy 

[0053] There are many heuristic rules that can be applied 
in an auditing policy. In the prior art there is one implicit 
rule. The rule can be stated something like this: People Who 
have failed an audit (either due to theft or due to innocent 
errors) are more likely to do so in the future, therefore they 
should be audited more often. To develop a better auditing 
policy We need to use additional rules that model the real 
World more completely. 

[0054] In this section We summariZe the rules that Will be 
used in subsequent sections to develop advanced auditing 
policies. The folloWing is a list of the rules and a short 
description of each. 

[0055] Audit History: 

[0056] The audit history of a given customer is a good 
indication of his future checkout accuracy. One may use the 
recent audit history or possibly the entire audit history. This 
is the rule used in the prior art. 

[0057] Loyal Customers: 

[0058] Customers Who shop frequently at the store are 
likely more honest and should be audited less. Some of this 
falls out from the previous rule; hoWever, We may Want to 
give the loyal customer an additional level of trust and 
further reduce the audit frequency. 

[0059] Regional Differences: 

[0060] Different regions of the country or the World Will 
have different likelihood of theft. Regions With a high theft 
level may require more stringent security so the level of 
auditing should be higher in those regions. 
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[0061] Store Shopping Activity: 
[0062] To reduce Waiting a long time in audit lines the 
store may Want to reduce the average auditing level during 
times When the store is very busy. This Will increase the 
throughput of the store at the risk of slightly increased theft. 

[0063] Weight & SiZe of Items: 

[0064] These qualities may be factor in the rate of pilfer 
age. 

[0065] Seasonal: 

[0066] During different seasons people may be more likely 
to attempt theft or make errors. 

[0067] Time of Day: 

[0068] During different times of the day people may be 
more likely to attempt theft or make errors. 

[0069] High Rate of Returns: 

[0070] If the customer is deleting a lot of items from the 
checkout list he may be more likely to be attempting theft. 

[0071] Scan Frequency: 

[0072] Long time spans betWeen scan items could be an 
indication of attempted theft. 

[0073] B1. Statistical Decision Theory Based Auditing 
Policy 
[0074] The approach taken here is to use statistical deci 
sion theory to implement an auditing policy based in Whole 
or in part on the above rules. A description of statistical 
decision theory is given in AppendiX I, references [1, 2]. 

[0075] The ?rst parameter that is required in setting up a 
decision rule is a description of the state space, Which is the 
set of possible states of nature This is all the information 
that We have at our disposal to make a decision. The state 
space, 0, Which We Will use consists of a ?nite set of possible 
events that can occur. As an eXample We Will consider a state 

space of four events Which consist of all combinations of 
tWo independent events. The ?rst event to consider is 
Whether there is an error in the self checkout that Was 
performed by the customer. This event, E C 0, represents an 
error in the self checkout data; its complement E C 0, means 
there is no error. The second event indicates Whether the 
store is busy or not. The event, B C 0, means the store is busy 
and the event B C 0 means the store is not busy. 

[0076] Taking combinations of E, E, B, and B, the state 
space can be partitioned into four mutually eXclusive events, 

e={e1> 92> 93> e4} (1) 
[0077] Where the states are as folloWs, 

e4=EnB (2) 
[0078] So 01 means that the customer has made an error in 
his checkout and the store is busy, 02 means self checkout is 
correct and the store is busy, etc. 

[0079] In developing a decision rule We also need to de?ne 
the possible actions that We can take. Since We are trying to 
determine Whether to audit a customer or not, our actions 
involve levels of auditing. Each time a customer shops at the 
store We have several options. We can let the customer leave 
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Without an audit, We can audit the customers entire cart, or 
We can perform a limited audit by checking only some of the 
items the customer has in his cart. 

[0080] For this example, We Will consider a action space 
consisting of these three actions, 

A={a1, a2, a3}. (3) 

[0081] The three actions are, 

al: No Audit 

a2: Limited Audit (e.g. check 10% of items) 

a3: Full Audit (4) 

[0082] Finally, We need to de?ne a loss function associated 
With taking action ai given that event 0]- occurs. This loss 
function measures the loss (either ?nancial or otherWise) 
incurred by taking such an action. In the self checkout 
problem there are several factors that effect loss. First, there 
is the actual loss incurred due to theft. There is a loss 
associated With a loW throughput of customers that may 
incur due to excessive auditing during busy times. There is 
the labor costs associated With performing the audit. And 
?nally, there is loss associated With customer dissatisfaction 
due to excessive auditing or having to Wait a long time. 

[0083] As an example, Table 1 lists the different losses that 
occur. The actual values for that table Would depend on What 
store this system is being used in and could be adjusted to 
?t their circumstances. Combining the losses listed in this 
table it is possible to build a loss function. As an example, 
loss function L(0, a) is given in Table 2. 

[0084] Lets see in Table 2 hoW the loss function is built up 
from the losses in Table 1. For example, Whether the store 
is busy or not, there is an average inventory loss of $5.00 if 
the customer has made an error in his self checkout and We 
chose not to audit. If he has not made an error and We do not 
audit then their is no loss since there is no error to ?nd. There 
are no other types of losses When you do not perform an 
audit. If the store is busy and We chose to do a limited audit, 
and the customer made an error, then We have a $2.00 loss 
of inventory, a $0.50 loss in potential sales, a loss of $0.50 
in labor costs, and ?nally a loss of $0.50 in customer 
dissatisfaction. Under the same conditions, except that the 
customer did not make an error, then We have all the same 
losses, except the $2.00 loss of inventory. The other terms of 
the loss function are developed in a similar manner. So in 
this loss function We have summariZed the four types of loss: 
inventory loss, potential sales loss, labor costs, and customer 
dissatisfaction. 

[0085] NoW, given the state space, the action space, and 
the loss function We need a criterion for selecting the “best” 
action. We choose to select the action that gives the smallest 
loss on the average. We cannot be guaranteed to alWays 
select the smallest loss because We do not knoW if the 
customer has made an error (if We did it Would make the 
audit decision very easy). This lack of knoWledge can be 
modelled statistically. We model the events in the state space 
as random and With some distribution as to their likelihood. 
NoW in the state space We have set up there are tWo factors: 
Whether the customer has made an error and Whether the 
store is busy. The ?rst is an unknoWn and the second is 
knoW. So in this case all We have to model as random are the 
events E and E. 
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[0086] There are many possible models that could be used 
to represent this probabilistically. For example, it could 
change With time and other factors. We Will make the simple 
assumption 

TABLE 1 

Different Losses Occurring In A Loss Function 

Loss Value 

Inventory loss When no audit is performed and customer made $5.00 
an error 

Inventory loss When limited audit is performed and customer made $2.00 
an error 

Inventory loss When full audit is performed $0.00 
Potential sales lost When store is busy and full audit is performed $1.00 
Potential sales lost When store is busy and partial audit $0.50 
is performed 
Potential sales lost When store is not busy and partial audit $0.25 
is performed 
Potential sales lost When no audit is performed $0.00 
Labor costs for full audit $1.00 
Labor costs for partial audit $0.50 
Labor costs for no audit $0.00 
Customer dissatisfaction With full audit When store is busy $1.00 
Customer dissatisfaction With partial audit When store is busy $0.50 
Customer dissatisfaction With full audit When store is not busy $0.50 
Customer dissatisfaction With partial audit When store is not busy $0.25 
Customer dissatisfaction With no audit $0.00 

[0087] 

TABLE 2 

Types of losses and their ?nancial value 

a1 (No audit) 5.0 0.0 5.0 0.0 
a2 (Limited 3.5 1.5 3.0 1.0 
Audit) 
a3 (Full Audit) 3.0 3.0 2.0 2.0 

[0088] that for each customer there is a probability that he 
Will make and error and that probability is ?xed. Later We 
could use a more elaborate model. So for a given customer 
We Will de?ne the pe as that probability of making such an 
error, 

Pe=P(E)=1_P(E)' (5) 
[0089] If We knoW this probability (and actually We have 
to estimate it) We can use it to ?nd the best action. To do this 
We have to de?ne the Bayes loss [2] as the average loss, 

1 

[0090] Where L represents loss Which is a function of types 
of losses and the auditing decision of Table 2. 

[0091] Since We can assume that We knoW Whether the 
store is busy or not We can simplify this formula. If the store 
is busy We have, P(B)=1 and P(B)=0. So, 

a) (94) 
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[0092] And if the store is not busy We have, P(B)=0 and 
P(B)=L. So, 

B(a)=L(91y a)P(91)+L(92)a)P(92)+L(93,a)P(93)+L(9¢ 

[0093] The best action to take is the action that minimizes 
the Bayes loss That action is called the Bayes action, aB, 

[0094] We Will noW shoW hoW to get the probability of this 
customer making an error. We Will use our prior audit history 
to estimate that probability. The simplest estimator is just the 
relative frequency. If the customer has been audited Na times 
and has failed the audit (i.e. had an error) Ne times then We 
can estimate the probability of an error as the ratio of those 

tWo numbers, 

(10) NE 
PE=N— a 

[0095] We may choose to only use the recent audit history 
so that if pe has changed recently We can detect it. If We Want 
to do that then We use only the last 10 audits for example, 
and then Na=10 and N6 is the number of errors in those 
audits. 

[0096] In summary, one estimates pe using Equation 10. If 
the store is busy one uses Equation 7 for the Bayes loss, 
substituting (p)e for pe, 

[0097] If the store is not busy one uses Equation 8 for the 
Bayes loss, substituting pe for pe, 

[0098] Select the Bayes action, aB, that minimiZes the 
Bayes loss as in Equation 9, 

B(aB)=minj B(aj) (13) 

[0099] In the eXample given here only tWo variables Were 
considered: the customer making an error and Whether the 
store is busy. Clearly the other factors listed in Section A.2 
can all be included in the auditing policy. This involves 
having more variables in the loss function. Note, hoWever 
that the only unknoWn is Whether the customer has made an 
error. So the only probability that has to be estimated is the 
probability of such an error. All other parameters of the loss 
function Would be knoWn to the system. For eXample, the 
system Would knoW Whether it Was being used in a safe 
neighborhood or not. So the calculation of the Bayes action 
Would still be quite simple. 

[0100] In this eXample We have made a number of sim 
pli?cations. For eXample, We have described the business of 
the store as either busy or not busy. We could easily have 
many levels of hoW busy the store is and de?ne a loss 
function that takes into account all those different levels. 

[0101] Using statistical decision theory We alWays select 
the action that gives the loWest average loss. From a 
mathematical point of vieW this is the optimum thing to do. 
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HoWever, if a customer has a relatively ?xed probability of 
error and visits the store under similar conditions every time 
(eg level of business) then it is likely that We Will take the 
same action most of the time. This may not be the best thing 
to do from a psychological point of vieW. The customer may 
start to try to second guess the system and change his 
actions. For this reason We may Want to randomiZe our 

actions a bit. One Way to do this is to assign a probability of 
performing each action and then select the action according 
to that probability laW. Let us de?ne pi as the probability of 
taking action ai. Then one Way to select those probabilities 
so that they are inversely proportional to the loss associated 
With taking that action, 

1 /B(a;) (14) 

[0102] Then We take action ai With probability pi. This 
may not be the optimum from a mathematical point of vieW 
but it may be better from a psychological point of vieW. 

[0103] B2. Audit Policy Based on Customer’s Response to 
Audit 

[0104] Another approach that can be taken in developing 
an auditing policy is to quantify the customers reaction to 
being audited and use his reaction to govern your audit 
policy. 
[0105] To illustrate this idea We Will de?ne A as the cost 
of performing an audit. Let L(c) be the eXpected inventory 
loss associated With customer c if an audit is not performed. 
This eXpected loss takes into account both the average loss 
if an error is made and the probability that he Will make an 
error. The objective of this auditing policy it to select a 
probability of performing an audit to minimiZe the average 
overall loss. Then once that probability is calculated an audit 
is performed With that probability. Let the probability of 
performing an audit be pa. If the loss is independent of the 
probability of performing an audit then the average loss is 
given by, 

Lave=PaA+(1_Pa)L(C)' (15) 
[0106] This is easy to see since you perform an audit With 
probability pa and When you do it costs A; similarly you skip 
an audit With probability (1—pa) and it costs L(c) each time. 
So We have just averaged those tWo possibilities. 

[0107] What if L(c) is also actually a function of the audit 
probability? Then We Write the inventory loss as a function 
of both the customer and the frequency of auditing, so the 
loss has tWo parameters: L(c,pa). There are many possible 
functions that can be used to model the customers response 
to being audited. For eXample, many customers Will be more 
likely to make less errors if they are audited, Whereas others 
may continue to make errors even if audited frequently. Let 
us try the folloWing loss function, 

L(CYPa)=B(C)(1_Pa)n (16) 
[0108] Where B(c) is the loss When the customer is never 
audited and n is positive integer. The larger n the more likely 
the customer Will make less errors When audited frequently. 
So a loss function With a large value of n models a customer 
Who is highly deterred from making an error by the threat of 
an audit. This can be seen by noticing that for large n the 
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loss, L(c), drops off faster With an increase in pa. In this Way 
We can model different customers response to being audited. 

[0109] Given this formula for L(c,pa) We can select pa to 
minimiZe the average loss. Substituting this neW inventory 
loss function into Equation 15 for average loss We get, 

LQVE=PQA+(1—PQ)(“*DB(C)- (17) 
[0110] To minimiZe this We differentiate With respect to pa 
and set it equal to Zero, 

A—(n+1)(1—pa)“B(c)=O (18) 

[0111] Which can be solved for the probability, 

[0112] Since a probability must be nonnegative We must 
have, 

[0113] and if We do not satisfy that equation We should just 
set pa=0 Thus Equation 19 gives the formula for the opti 
mum audit probability. 

[0114] In Equation 15 the only probability density func 
tion Was pa. If the losses A and L Were also random We can 
generaliZe Equation 15 by averaging over those distributions 
also, 

[0115] Where p(a) is the probability density function of A 
and p(l) is the density function of L. Then the same proce 
dure as above is applied to ?nd the best auditing probability. 

[0116] B3. Arti?cial Neural Network Based Auditing 
Policy 

[0117] Arti?cial Neural NetWorks have been applied to 
sales forecasting, industrial process control, customer 
research, data validation, risk management, target market 
ing, medical diagnosis and other problems Were the system 
transfer function depends in the input variables, and changes 
over time. For eXample, Mellon Bank installed a neural 
netWork credit card fraud detection system and the realiZed 
savings Were eXpected to pay for the neW system in siX 
months. See AppendiX I, references [3, 4]. Essentially, a 
Neural NetWork is used to learn patterns and relationships in 
data. The data here can be information about the customer 
and the output can be Whether or not the customer is to be 
audited. 

[0118] The input variables may be fuZZi?ed. For eXample, 
the customer’s age may be fuZZi?ed to {teenager, young, 
middle aged or aged} The shape of the membership func 
tions may be learned and generated via a neural net in order 
to minimiZe some cost function—usually from a teacher 
(expert). The fuZZy rule base may also be adaptable over 
time. Genetic Algorithms may be applied to this rule base 
such that rules that Work Well Will mutate and spaWn 
children that Will perform better over time. See AppendiX I, 
reference References on Genetic Algorithms may be 
found in teXts that describe “Evolutionary Programming” 
concepts. 
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[0119] Summarizing, the advanced auditing policies of the 
present invention, as re?ected in the auditing rules Which 
model the real World and statistical decision theory based 
auditing, is not to audit every customer. Instead, the present 
invention determines Whether a given shopper or customer 
is to be audited on a given shopping trip based upon 
obtaining a minimum checkout loss for such customer 
thereby providing an audit policy Which is not too intrusive 
to customers or shoppers, but Which is a signi?cant deterrent 
to theft and unintentional errors. 

APPENDIX 1 
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[0126] It should be apparent to those skilled in the art that 
While the invention has been described With respect to a 
speci?c embodiment, various changes may be made therein 
Without departing from the spirit and scope of the invention 
as described in the speci?cation and de?ned in the claims. 

[0127] We claim: 

1. A method for enhancing the accuracy and reducing 
audit level of a self-checkout system While achieving a 
loWest average loss for a customer in a system Wherein a 
customer selects a plurality of items for purchase and 
registers the plurality of items With a portable terminal, 
comprising the steps of: 

a) generating at least one state space of possible events 
that may occur in a self-checkout by a customer; 

b) generating at least one action space in response to each 
state space; 

c) generating a loss function in response to each action 
space; and 

d) auditing a self-check out to obtain a minimum checkout 
loss for a customer. 

2. In a self-service shopping checkout system Wherein a 
shopper is provided With a portable self-scanning terminal 
for scanning of a bar code of an item selected for purchase 
prior to depositing the item into a shopping cart, and Wherein 
a list of items self-scanned by the shopper is compiled and 
made available to a cashier for surveillance and payment 
purposes, the improvement comprising a method for 
enhancing the accuracy and reducing overall audit level and 
achieving a loWest average loss of a self-checkout system 
Wherein a customer selects a plurality of items for purchase 
and registers the plurality of items With the portable termi 
nal, comprising the steps of: 
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a) determining if the customer is to be audited to obtain 
the lowest average loss for the customer using statis 
tical decision analysis; 

a) determining, as a function of a plurality of input 
criteria, the number of items n to be scanned; 

b) selecting from the shopper’s cart of items presented for 
purchase n items to be scanned; 

c) scanning a bar code located on each of said n items 
selected for scanning; and 

d) alloWing the shopping transaction if each item selected 
for scanning is present on the list of self-scanned items 
compiled by the shopper. 

3. The method of claim 2 further comprising the step of 
disalloWing the shopping transaction if the minimum check 
out loss eXceeds a threshold. 

4. A self-service shopping checkout system comprising: 

a) a plurality of portable self-checkout devices, each of 
said self-checkout devices to be used by a customer to 
scan a bar code located on an item to be purchased so 
as to record therein a list of such items to be purchased, 
each of said devices comprising bar code scanning 
means for scanning and decoding a bar code located on 
an item to be purchased, means for compiling a list of 
items scanned by said customer, and a data output port 
for alloWing transfer of said scanned item list to an 
associated data port located external to said portable 
device; 

b) a stationary dispenser unit for the releasable contain 
ment of said plurality of portable self-checkout devices, 
said dispenser unit comprising: 

(i) a plurality of device containment slots, each of said 
slots being con?gured for releasable containment of 
a mating self-scanning device, each of said slots 
having associated thereWith a data input port suitable 
for mating With a data output port located on a 
portable self-checkout device; and 

(ii) a printer for printing a tally list of items scanned for 
purchase by said shopper, said tally list being sup 
plied by a self-checkout device after said self-check 
out device is returned to a device containment slot 
after being used by a shopper, said tally list further 
comprising a tWo-dimensional bar code encoded 
With said items scanned by said shopper, a unique 
identi?cation record associated With said shopper, 
and the number of items scanned by said shopper; 

c) a plurality of point of sale terminals, each of said point 
of sale terminal comprising: 

(i) bar code reading means for reading said tWo 
dimensional bar code from a tally list presented to a 
cashier operating said point of sale terminal, said bar 
code reading means providing as output data signals 
representing said items scanned by said shopper, said 
unique identi?cation record associated With said 
shopper, and said number of items scanned by said 
shopper; said bar code reading means also con?g 
ured so as to scan select items presented for checking 
by said cashier; 

(d) means for generating at least one state space of 
possible events that may occur in a self-checkout by 
a shopper; 
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(e) means for generating an action space in response to 
each state space; 

(f) means for generating a loss function in response to 
each action space; and 

(g) means for auditing a self-check out to obtain a 
minimum checkout loss for a customer. 

5. The method of claim 1 Wherein the state space is a 
statistical representation of possible events that may 
occur in a self-checkout. 

6. The method of claim 1 Wherein the action space is a 
statistical representation of possible actions that may be 
taken in response to the possible events. 

7. The method of claim 1 Wherein the loss function 
measures a loss resulting from an action. 

8. The method of claim 1 further comprising the step of 
determining and de?ning an average loss for a self check-out 
as a Bayes loss. 

9. The method of claim 8 Where the Bayes average loss is 
given by the equation: 

8(a) = Ewe. an = Z 140;. we) 

Where 6i represents random events. 
10. The method of claim 1 Wherein the loss function is a 

function of L(c) and p Where L(c) is the eXpected inventory 
loss associated With a shopper (c) and p is the probability of 
performing an audit on the shopper. 

11. A method of selecting a best action for auditing a 
customer in a self-check out system comprising the steps of: 

a) generating at least one state space of possible events 
that may occur in a self-checkout by the customer; 

b) generating at least one action space in response to each 
state space; 

c) generating a loss function in response to each action 
space; and 

d) selecting the action that gives the smallest loss function 
on the average. 

12. A method of selecting a best action for auditing a 
customer in a self-check out system comprising the steps of: 

a) generating at least one state space of possible events 
that may occur in a self-checkout by the customer; 

b) generating at least one action space in response to each 
state space; 

c) generating a Bayes’ loss function in response to each 
action space; and 

d) randomly selecting the action With the probability 
inversely proportional to the Bayes’ loss associated 
With taking that action. 

13. A method of selecting a best action for auditing a 
customer in a self-check out system comprising the steps of: 

a) determining if the customer is to be audited for items 
on a given shopping trip based upon a loWest average 
loss to the self-check out system; and 
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b) determining hoW many items to audit based on a 
statistical decision analysis applied to self shopping if 
step a) determines the customer should be audited. 

14. In a customer self-check out system, a method of 
estimating the probability of a customer making an error 
comprising the steps of: 

a) scanning into the self-check out system a customer 
history of prior audit results; and 

b) estimating the probability of the customer making an 
error in a self-check out using the prior history results. 

15. In a self-check out system, a method of determining 
the average loss for a customer in a self-check out, com 
prising the steps of: 

a) identifying a plurality of factors including store busy; 
level of audit (full, patial, none) and affecting the 
self-check out; 

b) selecting a at least one of the plurality of the events; and 

c) calculating the average loss for the customer in the 
self-check out using a Bayes’ loss factor based upon the 
selected at least plurality of events. 

16. A self-service shopping checkout system for enhanc 
ing the accuracy and reducing overall audit level While 
achieving a loWest average loss of a self-checkout by a 
customer, comprising: 

a) means for registering a plurality of items by the 
customer using a portable terminal; 

b) means for determining if the customer is to be audited 
to obtain the loWest average loss for the customer using 
statistical decision analysis; 

c) means for determining, as a function of a plurality of 
input criteria, Which items n and the number thereof to 
be scanned; 

d) means for selecting from the shopper’s cart of items 
presented for purchase n items to be scanned; 

e) means for properly scanning a bar code located on each 
of said n items selected for scanning; and 

f) means for alloWing the shopping transaction if each 
item selected for scanning is present on a list of 
self-scanned items compiled by the shopper. 
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17. The system of claim 16 further comprising: 

a) means for disalloWing the transaction if any item 
selected for scanning is not present on the list of 
self-scanned items compiled by the shopper. 

18. An article of manufacture, comprising: 
a computer usable medium having computer readable 

program code means embodied therein for enhancing 
the accuracy and reducing overall audit level While 
achieving a loWest average loss of a self-checkout by a 
customer in a self-check out system including a plu 
rality of portable self-checkout devices, each of said 
self-checkout devices to be used by a customer to scan 
a bar code located on an item to be purchased so as to 
record therein a list of such items to be purchased, each 
of said devices comprising bar code scanning means for 
scanning and decoding a bar code located on an item to 
be purchased and means for compiling a list of items 
scanned by said customer, the computer readable pro 
gram code means in said article of manufacturing, 
comprising: 

(a) computer readable program code means for registering 
a plurality of items by the customer using a portable 
terminal; 

b) computer readable program code means for determin 
ing if the customer is to be audited to obtain the loWest 
average loss for the customer using statistical decision 
analysis; 

c) computer readable program code means for determin 
ing, as a function of a plurality of input criteria, Which 
items n and the number thereof to be scanned; 

d) computer readable program code means for selecting 
from the shopper’s cart of items presented for purchase 
n items to be scanned; 

e) computer readable program code means for properly 
scanning a bar code located on each of said n items 
selected for scanning; and 

f) computer readable program code means for alloWing 
the shopping transaction if each item selected for 
scanning is present on a list of self-scanned items 
compiled by the shopper or disalloWing the transaction 
if each item selected for scanning is not present on the 
list of self-scanned items compiled by the shopper. 

* * * * * 


