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SYSTEMS AND METHODS FOR CONTROLLING 
POWERED VEHICLES NEAR A RESTRICTED 

REGION 

RELATED APPLICATIONS 

[0001] This application claims the bene?t under 35 U.S.C. 
§119(e) of US. Provisional Application No. 60/711,135, 
?led Aug. 25, 2005, titled “MOBILITY CART CONTAIN 
MENT SYSTEM AND METHODS,” Which is hereby incor 
porated by reference herein in its entirety. 

BACKGROUND OF THE DISCLOSURE 

[0002] 1. Field 

[0003] The present disclosure relates to systems and meth 
ods for determining the location and controlling the move 
ment of poWered vehicles, including but not limited to 
electric-powered, motoriZed carts. 

[0004] 2. Description of the Related Art 

[0005] Retail stores may provide poWered shopping carts 
for the convenience of their customers. For example, some 
poWered shopping carts include a seat for a customer, a 
basket to hold retail goods, and a battery-poWered electric 
motor system that alloWs the customer to travel Within the 
retail store. MotoriZed shopping carts can be used in many 
commercial or retail environments. For example, motoriZed 
carts may be provided to make it easier for mobility 
impaired customers to shop in a retail store or move in a 
shopping mall Without the assistance of another person. In 
other cases, motorized shopping carts may have seats for 
children or carriers for babies, Which makes it easier and 
safer for a parent or custodian to move in a retail environ 
ment. 

[0006] Retail stores often permit poWered shopping carts 
to travel freely Within the store. HoWever, stores may Wish 
to restrict movement of carts into areas that are unsafe or 
inconvenient for cart retrieval and to deter theft and reduce 
other types of cart misuse. For example, a customer Who 
drives a poWered cart in a store parking lot may create a 
safety haZard for other customers and vehicles. Also, the 
customer may leave the cart at a location that blocks 
pedestrian access paths or vehicle parking spaces or at a 
location that makes cart retrieval inconvenient. Accordingly, 
a retail store may Wish to implement a cart containment 
system that inhibits the ability of a poWered cart to leave the 
store through an exit or to enter other restricted areas. The 
present disclosure provides examples of such a cart contain 
ment system. 

[0007] This background section is not intended to suggest 
that the present disclosure is limited to poWered shopping 
carts in a retail store environment or that the present dis 
closure is directed only to the types of cart misuse described 
above. 

SUMMARY OF THE DISCLOSURE 

[0008] An embodiment of a system for controlling move 
ment of a personal mobility vehicle near a restricted region 
is disclosed. The system comprises a detector that is con 
?gured to be disposed on the personal mobility vehicle and 
that is con?gured to receive an electromagnetic signal 
transmitted to the restricted region. The system also com 
prises a control unit con?gured to communicate With the 
detector. The control unit is further con?gured to determine 
proximity of the detector to the restricted region using 
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information related to the signal received by the detector. 
The control unit is also con?gured to provide a command to 
inhibit movement of the personal mobility vehicle in 
response to the determined proximity of the vehicle to the 
restricted region. In one embodiment, a personal mobility 
vehicle comprises the system. 

[0009] Another embodiment of a system for localiZing and 
controlling movement of a personal mobility vehicle is 
described. The system comprises a signal source con?gured 
to transmit a localiZation signal. The signal source is further 
con?gured to be disposed on a personal mobility vehicle. 
The system also comprises at least one detector con?gured 
to receive the localiZation signal and to determine a direction 
of the signal source relative to the detector. The system 
includes a control unit con?gured to communicate With the 
at least one detector and to determine a localiZation of the 
signal source relative to the at least one detector. The control 
unit is further con?gured to use the localiZation of the source 
to determine Whether to provide a command to control a 
motor on the personal mobility vehicle. In one embodiment, 
a personal mobility vehicle comprises the system. 

[0010] An embodiment of a processor-implemented 
method of inhibiting a personal mobility vehicle from enter 
ing a restricted region is disclosed. The method comprises 
determining a location of a personal mobility vehicle rela 
tive to a limit line near a restricted region and determining 
a direction of travel of the personal mobility vehicle relative 
to the limit line. The method further comprises making a 
decision, With a processor, Whether to inhibit motion of the 
personal mobility vehicle into the restricted region. The 
processor is con?gured to use information related to at least 
one of the location and the direction of travel of the personal 
mobility vehicle. The method also comprises inhibiting 
motion of the personal mobility vehicle in response to the 
decision made With the processor. 

[0011] In one aspect of the disclosure, a system for inhib 
iting a personal mobility vehicle from entering a restricted 
region comprises means for determining a location of a 
personal mobility vehicle relative to a limit line near a 
restricted region and means for determining a direction of 
travel of the personal mobility vehicle relative to the limit 
line. The system further comprises means for making a 
decision Whether to inhibit motion of the personal mobility 
vehicle into the restricted region, the decision means using 
information related to at least one of the location and the 
direction of travel of the personal mobility vehicle and 
means for inhibiting motion of the personal mobility vehicle 
in response to the decision. 

[0012] An embodiment of a processor-implemented 
method of controlling a personal mobility vehicle near a 
restricted region is described. The method comprises deter 
mining a ?rst location of a personal mobility vehicle relative 
to a ?rst limit line near a restricted region and determining 
a ?rst direction of travel of the personal mobility vehicle 
relative to the ?rst limit line. The method further comprises 
providing a Warning if the ?rst location and the ?rst direction 
of travel indicate the personal mobility vehicle is approach 
ing the restricted region. The method also comprises deter 
mining a second location of the personal mobility vehicle 
relative to a second limit line. The second limit line is closer 
to the restricted region than the ?rst limit line. The method 
further comprises determining a second direction of travel of 
the personal mobility vehicle relative to the second limit line 
and inhibiting motion of the personal mobility vehicle if a 
processor determines, using at least one of the second 



US 2007/0045018 A1 

location and the second direction of travel, that the personal 
mobility vehicle is approaching the restricted region. 

[0013] In another aspect of the disclosure, a system for 
localizing and controlling movement of a personal mobility 
vehicle comprises a signal source con?gured to transmit a 
localiZation signal. The signal source is further con?gured to 
be disposed on a personal mobility vehicle. The system 
further comprises tWo detectors con?gured to receive the 
localiZation signal. The tWo detectors de?ne a ?rst limit line 
therebetWeen. The system also comprises a control unit 
con?gured to communicate With the tWo detectors and to 
determine a ?rst localiZation of the signal source relative to 
the ?rst limit and a second localiZation of the signal source 
relative to a second limit line. 

[0014] In another aspect of the disclosure, a system for 
controlling a personal mobility vehicle near a restricted 
region comprises means for determining a ?rst location of a 
personal mobility vehicle relative to a ?rst limit line near a 
restricted region and means for determining a ?rst direction 
of travel of the personal mobility vehicle relative to the ?rst 
limit line. The system also comprises means for providing a 
Warning if the ?rst location and the ?rst direction of travel 
indicate the personal mobility vehicle is approaching the 
restricted region. The system further comprises means for 
determining a second location of the personal mobility 
vehicle relative to a second limit line, Where the second limit 
line is closer to the restricted region than the ?rst limit line. 
The system also includes means for determining a second 
direction of travel of the personal mobility vehicle relative 
to the second limit line and means for determining, using at 
least one of the second location and the second direction of 
travel, Whether the personal mobility vehicle is approaching 
the restricted region. The system also comprises means for 
inhibiting motion of the personal mobility vehicle, Wherein 
the inhibiting means are con?gured to be actuated in 
response to the determination by the determining means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 schematically illustrates a retail store envi 
ronment and various types of components that may be used 
in a cart containment system. 

[0016] FIG. 2 schematically illustrates another retail store 
environment and various types of components that may be 
used in a cart containment system. 

[0017] FIG. 3 schematically illustrates a retail store envi 
ronment including radio frequency angle of arrival detectors 
for localiZation of a cart. 

[0018] FIG. 4 is a block diagram of electronics that can be 
used in a phase difference based angle-of-arrival detector. 

[0019] FIG. 5A is a block diagram ofan example ofa cart 
interface unit (CIU). 

[0020] FIG. 5B is a block diagram of another example of 
a CIU that can be used With RSSI localiZation systems. 

[0021] FIG. 6A is a How chart illustrating an example of 
a process How that may be used to determine Whether to 
permit or inhibit cart motion. 

[0022] FIG. 6B is an example of decision logic con?gured 
to determine Whether to permit or inhibit cart motion. 

[0023] FIG. 6C is a How chart comprising decision logic 
describing operation of a cart containment system. 
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[0024] Reference symbols are used in the Figures to 
indicate certain components, features, and aspects shoWn 
therein, With reference symbols common to more than one 
Figure generally indicating like components, features, or 
aspects. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

I. OvervieW 

[0025] Certain speci?c embodiments of the invention Will 
noW be described in detail With reference to the draWings 
listed above. These draWings and description of the dis 
closed embodiments are presented by Way of example only, 
and do not limit the scope of the invention, Which extends 
to alternative embodiments and uses of the invention and to 
obvious modi?cations and equivalents thereof. Thus, the 
scope of the invention is not to be limited to the preferred 
embodiments described beloW but is de?ned by the claims. 
For example, in any method or process described herein, the 
acts or operations of the method/process are not necessarily 
limited to any particular disclosed sequence. Also, for pur 
poses of contrasting different embodiments or the prior art, 
certain aspects and advantages of these embodiments are 
described herein Where appropriate. It should be understood 
that not necessarily all such aspects and advantages need be 
achieved in any one embodiment. Thus, it should be recog 
niZed that certain embodiments may be carried out in a 
manner that achieves or optimiZes one advantage or group of 
advantages Without necessarily achieving other aspects or 
advantages that may be taught or suggested herein. 

[0026] For illustrative purposes only, the present disclo 
sure Will be described largely in the context of a retail store 
that implements a system and methods for locating and 
controlling poWered shopping carts as they approach a store 
exit. It is recogniZed that the present disclosure is applicable 
to other contexts including, for example, tracking and/or 
containing carts in a Warehouse, poWered Wheelchairs in a 
hospital, health care facility, or nursing home, baggage carts 
in an airport, golf carts at a golf course, or go-car‘ts at a 
raceWay. The system and methods described herein can be 
applied to inhibiting the movement of vehicles into a 
restricted area, Which may be Within or adjacent a store or 
other facility or Which may be separated or remote from 
structures. In addition, the present disclosure is applicable to 
many types of poWered vehicles including but not limited to 
poWered single passenger and multi-passenger vehicles and 
cargo transports. PoWered vehicles have a propulsion system 
such as a motor or an engine that is operable by a driver of 
the vehicle and may include other suitable operating devices 
such as a motor controller, throttle, steering system, etc. 
PoWered vehicles may be operable in a forWard direction 
and in a reverse direction. The present disclosure is appli 
cable to vehicles poWered by, for example, electrical energy 
or chemical energy, and the vehicles may utiliZe poWer from 
batteries, fuel cells, solar cells, stored energy cells, fossil 
fuels, or any other source of poWer. A poWered vehicle may 
have tWo, three, four, or more Wheels. PoWered vehicles in 
the context of the present disclosure include but are not 
limited to electric vehicles, motor-driven shopping carts, 
electric carts, personal mobility vehicles, golf carts, indus 
trial carts and cargo carriers, stock carts, baggage carts, 
hospital stretchers, and poWered Wheelchairs. 

[0027] FIG. 1 schematically illustrates general features of 
one embodiment of a cart containment system. The cart 
containment system is shoWn as implemented in a retail 
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store for purposes of locating and controlling movement of 
powered shopping carts 30 near a store exit. The cart 
containment system may be used With any type of poWered 
vehicle including but not limited to poWered mobility 
vehicles and motorized shopping carts as Well as electric 
carts, cargo carts, golf carts, and poWered Wheelchairs. 
Typically, poWered or motorized shopping carts carry a 
single passenger, Who is the driver of the cart. HoWever, 
poWered or motorized shopping carts may carry multiple 
passengers, for example, the driver and passengers (e. g., one 
or more children). Single-passenger shopping carts typically 
include a seat for the driver, a basket on the front of the cart 
to hold merchandise and belongings, and are poWered by an 
electric motor. The driver uses a throttle and steering system 
to control the speed and direction of travel of the cart. 
PoWered shopping carts include, for example, battery-poW 
ered electric shopping carts such as the Mart Cart 
(Assembled Products Corp., Rogers, Arkansas) or the 
SmartKART (Dane Industries, Brooklyn Park, Minn.). In the 
retail store context described herein, poWered shopping carts 
may also include personal mobility vehicles including per 
sonal mobility carts con?gured to be operated by mobility 
impaired drivers. 

[0028] In the embodiment shoWn in FIG. 1, the contain 
ment system locates or otherWise identi?es a cart 30 that is 
approaching a restricted area 40 adjacent the store exit. If the 
cart 30 crosses a stop line 42 and is moving toWard the store 
exit, the containment system makes a decision Whether to 
inhibit the motion of the cart 30. The stop line 42 preferably 
is located a distance aWay from the restricted area 40 to 
alloW the cart 30 to smoothly decelerate to a stop before 
entering the restricted area 40. The containment system may 
communicate With the cart 30 through a Cart Interface Unit 
(CIU). In response to a containment signal from the system, 
the CIU may perform a range of actions to inhibit the motion 
of the cart 30. For example, the CIU may cut off poWer to 
the cart’s motor, reduce the cart’s throttle speed, or brake the 
cart’s Wheels. Further details of the CIU are described With 
reference to FIGS. 5A and 5B. 

[0029] In the example shoWn in FIG. 1, the restricted area 
40 is adjacent to and inside a store exit in order to contain 
carts Within the store. HoWever, in other implementations, 
the restricted area 40 can correspond to other locations near 
or Within the store. For example, the restricted area 40 may 
correspond to a portion of a parking lot, and the stop line 42 
may be positioned along a curb betWeen the store exit and 
the parking lot. It is recognized that the cart containment 
systems and methods disclosed herein are applicable to a 
broad range of restricted areas including but not limited to 
restricted areas in or near stores, Warehouses, healthcare 
centers, and parking structures as Well as restricted areas 
located remote from other structures. 

[0030] In some implementations, the containment system 
includes an external override system that permits a store 
employee to re-enable poWered movement of the cart under 
certain circumstances. For example, after the cart has been 
stopped by the containment system, the override system may 
permit an authorized store employee to retrieve the cart and 
transport it back to the store under its oWn poWer. 

[0031] There are several approaches by Which a cart 
containment system can determine the general location of a 
cart 30 as it approaches a restricted area 40. In an “autono 
mous” approach, devices or components on or Within the 
cart determine cart’s location relative to the desired stop line 
and the CIU in the cart makes a decision Whether (or not) to 

Mar. 1, 2007 

stop the cart. Autonomous systems may provide advantages 
including ease of installation in a store and the ability to 
retro?t a ?eet of existing carts. In a “commanded” approach, 
devices or components external to the cart determine the 
cart’s location and provide a command to the cart regarding 
Whether (or not) to stop. Commanded systems may provide 
advantages including more accurately determinations of cart 
locations and the ability to manage more complicated store 
?oorplans and containment constraints. Some embodiments 
of the cart con?nement system combine aspects of both the 
autonomous and the commanded approaches. Detailed 
descriptions of examples of the autonomous and com 
manded approaches Will noW be provided. 

[0032] As used in this disclosure, the term “location” 
refers to a general location or position of an object (e.g., a 
cart) relative to other components of the containment sys 
tem. Generally, the location of the cart 30 refers to its 
location in a tWo-dimensional plane (e.g., a location Within 
the plane of a store’s ?oor). For example, the location of a 
cart 30 can, but need not, be speci?ed by a tWo-dimensional 
coordinate position (e.g., Cartesian x- and y-coordinates). In 
some implementations, the location of the cart refers to 
proximity to a signal source (e.g., a transmitter or a marking 
line) or an angular bearing from a ?xed object (e.g., a light 
beacon or a radio frequency angle-of-arrival detector). In 
other implementations, cart location may simply refer to 
Whether the cart 30 is on one side, or the other, of a limit line. 
The containment system is not limited to tWo-dimensional 
location, and some embodiments may be con?gured to 
locate a cart in three dimensions. In the context disclosed 
herein, the term “localization” refers to determining a loca 
tion of a cart 30 (or a component, feature, or reference point 
on the cart 30), Where location has the meaning described 
above. 

[0033] Certain embodiments of the cart containment sys 
tem use information relating to the location of the cart 30 
With respect to one or more limit lines (e.g., the stop line 42 
in FIG. 1). Although in some embodiments the limit line is 
a relatively narroWly demarcated region (e.g., a narroW 
stripe of electrically conductive paint); in other embodi 
ments, limit lines can relate to a more extended region near 
a store exit. For example, in some implementations, a 
transmitter mounted near the store exit transmits a signal 
(e.g., electromagnetic or acoustic) that is detected by a 
receiver on the cart 30. The strength of the signal typically 
increases as the cart 30 nears the transmitter, and the signal 
generally is detectable over a relatively extended region near 
the store exit. In such an implementation, the limit line may 
be de?ned to include positions Where the received signal 
exceeds a particular threshold value. It is recognized that 
adopting a different threshold value Will generally cause the 
position of the limit line to change correspondingly. Addi 
tionally, some embodiments of the system may de?ne the 
location of a limit line using other information available to 
a receiver on the cart 30, such as, for example, a gradient of 
the received signal strength. 

II. Autonomous Approach 

[0034] 
[0035] FIG. 1 schematically illustrates an embodiment of 
a cart containment system that uses an autonomous approach 
to determine the location of the cart 30 near the restricted 
area 40. As shoWn in FIG. 1, the cart 30 moves along a track 
32 as the cart 30 approaches the stop line 42. The track 32 
is an example of a path a customer might take to drive the 
cart 30 through the restricted area 40 and out of the store 

1. Single Limit Line Systems 
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exit. The containment system can be con?gured to take 
actions to inhibit the motion of the cart 30 as it nears the 
restricted area 40. In this example, the containment system 
uses a single limit line (e.g., the stop line 42) to mark the 
vicinity of the restricted area 40. The stop line 42 is 
schematically illustrated in FIG. 1 as being curved; hoWever, 
in other implementations the stop line 42 (or any other limit 
line) can have any suitable shape (e.g., substantially 
straight). Further details regarding methods used to demar 
cate limit lines are discussed beloW. 

[0036] In the autonomous approach, the location of the 
stop line 42 can be marked by a variety of techniques so as 
to be detectable by the cart 30. A cart interface unit (CIU) is 
disposed on or Within the cart 30 and includes electronic 
circuitry for detecting the presence of the stop line 42. 
Further details of an example CIU are discussed beloW With 
reference to FIGS. 5A and 5B. 

[0037] As the cart 30 approaches the restricted area 40 
along the track 32, the CIU detects the stop line 42 and 
issues one or more commands to sloW doWn or stop the cart 
30. In a preferred embodiment, the CIU issues a command 
to a motor controller to stop the cart’s motor. Alternatively, 
the CIU can interrupt the electrical connection betWeen the 
cart’s electric battery and its motor controller, thereby caus 
ing the motor to stop. In other embodiments, the cart 30 may 
include a braking mechanism, and the CIU can issue a 
command to actuate the braking mechanism. For example, 
one or more Wheels can be braked or locked as described in 
US. Pat. No. 6,362,728, ANTI-THEFT VEHICLE SYS 
TEM, Which is hereby incorporated by reference herein in its 
entirety. Some embodiments of the CIU use a combination 
of these or other procedures to reduce the momentum of the 
cart 30. 

[0038] It is preferred, but not necessary, that a smooth 
deceleration be used to stop the cart 30 in order to avoid 
injury to persons on or near the cart 30 and to prevent 
damage to the cart 30. Accordingly, as shoWn in FIG. 1, the 
stop line 42 preferably is located a short distance aWay from 
the restricted area 40 to alloW the cart 30 to gradually sloW 
doWn and stop before entering the restricted area 40. The 
distance Will depend on the speci?cs of the cart (e.g., its 
mass and typical speed) as Well as on hoW the cart is stopped 
(e.g., by turning off the motor, by braking, or by a combi 
nation of these methods). 

[0039] Optionally, the CIU may issue a command to a 
Warning system that provides an audible or visible Warning 
that the cart 30 has crossed the stop line 42. For example, the 
Warning system may include an alarm, siren, voice synthesis 
unit, and/or a visual indicator such as an LED indicator or 
a ?ashing light. The Warning system may provide a Warning 
to the cart driver to sloW doWn and stop the cart. A Warning 
system advantageously helps deter theft of the cart 30 and 
provides an audible or visible indication to store employees 
as to Which cart has crossed the stop line 42 and been 
poWered doWn or locked. 

[0040] In some retail store environments, it may be unde 
sirable to leave the cart 30 stopped in the restricted area 40; 
for example, a cart blocking a sideWalk may pose a safety 
haZard. Therefore, the system can alloW for “no-stop” 
regions in Which cart motion is permitted for safety reasons. 
For example, if the cart containment system is unsuccessful 
at stopping the cart before it enters a no-stop region, the 
system Will not take further action to inhibit cart motion. In 
this case, the cart 30 is permitted to enter (and possibly exit) 
the no-stop region. 
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[0041] Some embodiments of the cart con?nement system 
include an external override system that alloWs an autho 
riZed person, such as a store employee, to override the 
decision made by the CIU to stop the cart 30. For example, 
the override may include a device that communicates With 
the CIU and commands the CIU to provide poWer to the 
cart’s motor system or to unlock the brake. Alternatively, the 
override may include a sWitch that turns off or otherWise 
modi?es a marking signal that indicates the stop line 42. 

[0042] In the autonomous approach, there are many meth 
ods for marking the position of the stop line 42. For 
example, in a ?rst method, a stripe of electrically conductive 
material (e.g., a conductive paint) can be placed on the ?oor 
along the stop line 42. The CIU on a cart 30 can include tWo 
(or more) electrical contacts that drag along the ?oor. When 
the cart 30 crosses the stop line 42, the conductive stripe 
completes an electrical circuit betWeen the tWo contacts 
Which provides the signal to the CIU to stop the cart 30. In 
a second method, a ?oor mat that includes a ?exible per 
manent magnetic material is placed along the stop line 42. 
The magnetic ?eld produced by the mat is detected by a 
magnetic sensor in the CIU (e.g., a Hall-effect sensor), 
Which stops the cart. Further details related to a magnetic 
marker that can produce a suitable stop line signal are 
described in US. Patent Application No. 11/277,027, ?led 
Mar. 20, 2006, titled NAVIGATION SYSTEMS AND 
METHODS FOR WHEELED OBJECTS, hereinafter the 
“Navigation System Application,” Which is hereby incorpo 
rated by reference herein in its entirety. 

[0043] HoWever, these tWo methods suffer from some 
potential disadvantages. Both methods require the ?oor of 
the store to be modi?ed, Which may limit the Ways the ?oor 
can be cleaned. Electrically conductive paint is susceptible 
to routine Wear and requires periodic repainting. Ferromag 
netic materials in a cart (e.g., a metal frame and the motor) 
can interfere With the magnetic ?eld of a magnetic marker. 
Moreover, these tWo methods do not readily permit an 
external override system. For example, once the cart 30 has 
been stopped by the CIU (e.g., its motor is poWered doWn 
and/or its Wheels are locked), the cart 30 typically cannot be 
made operational again until a store employee drags the cart 
30 back across the stop line 42 and then resets the CIU. 
Additionally, these methods generally may not be amenable 
to more complex constraint geometries used to indicate the 
location of the restricted area 40, e.g., those using multiple 
limit lines (see beloW With reference to FIG. 2). Accordingly, 
other methods that do not suffer from some of these potential 
disadvantages can be used to indicate the stop line 42. 

[0044] In one method, an electronic article surveillance 
(EAS) system is used as a location marker for the stop line 
42. Many retail stores have EAS systems installed near store 
exits to prevent shoplifting. Generally, a physical barrier 
prevents carts (and customers) from exiting the store unless 
they pass betWeen tWo EAS toWers. Activated security tags 
are attached to store merchandise, and the EAS system Will 
be triggered if the activated tag passes betWeen the EAS 
toWers. If the merchandise is purchased, the tag is deacti 
vated by a store employee can pass betWeen the EAS toWers 
Without triggering the EAS system. Pairs of toWers are 
typically separated by about six feet, and multiple pairs of 
toWers can be used to provide electronic surveillance for 
Wider store exits. Many EAS toWers transmit an electro 
magnetic signal that can be detected by an EAS receiver on 
a cart 30. The strength of the received EAS signal may be 
used to indicate the location of a limit line. For example, the 
cart 30 can include the EAS receiver in the CIU shoWn in 



US 2007/0045018 A1 

FIGS. 5A and 5B (Which Will be more fully described 
hereafter. The CIU can determine if the cart 30 is crossing 
a limit line by measuring the strength of the EAS signal as 
the cart 30 approaches the EAS toWers. In some implemen 
tations, the locus of points near the toWers Where the EAS 
signal is above a threshold detectable by the receiver is used 
to demarcate the stop line 42. The shape of the stop line 42 
generally Will be curved (as schematically depicted in FIGS. 
1 and 2), because the strengths of the signals transmitted by 
the EAS toWers generally are distance and direction depen 
dent. 

[0045] The EAS method takes advantage of the common 
presence of EAS toWers at retail store exits and may not 
require installation of additional devices to mark the stop 
line 42. Additionally, EAS toWers can be used to indicate 
multiple limit lines (as discussed beloW With reference to 
FIG. 2). One EAS system that is suitable for use With the 
containment systems disclosed herein is the Sensormatic® 
EAS system by Tyco International (US) Inc. (Princeton, 
N.J.). Other commercially available EAS systems may be 
used as Well including radio frequency systems (operable at 
frequencies betWeen about 2 MHZ and 10 MHZ), electro 
magnetic systems (operable at frequencies beloW about 1 
kHZ), and acousto-magnetic systems (operable at frequen 
cies betWeen about 50 kHZ and 70 kHZ). 

[0046] In another method, a Very LoW Frequency (VLF) 
marking system can be used to indicate the location of the 
stop line 42. In this method, a VLF signal line is embedded 
along the stop line 42 (e.g., under the ?oor). The cart 30 can 
include a VLF receiver (e.g., in the CIU) that is capable of 
detecting an electromagnetic signal transmitted on the VLF 
line to determine When the cart 30 crosses the stop line 42. 
Preferably, the VLF marking signal is coded so that different 
codes can be used to uniquely identify different limit lines. 
AVLF marking system suitable for use With the containment 
system disclosed herein includes the 8 kHZ perimeter line in 
the GS2 System produced by Gatekeeper Systems, Inc. 
(Irvine, Calif.). 
[0047] Optical systems can be used to determine When the 
cart 30 crosses the stop line 42. For example, the cart 30 may 
include one or more cameras or other suitable optical 
detectors that image speci?c optical features near the store 
exit, and the CIU can include image processing capabilities 
to determine the proximity of the cart 30 to the imaged 
features. Suitable optical features for marking the stop line 
42 include, for example, a line or pattern having speci?c 
color(s) or spectral re?ectivity or absorptivity. The camera 
(or other optical detector) on the cart 30 can be pointed 
toWard the ?oor to detect the features. Different limit lines 
can be identi?ed by using different optical characteristics for 
each line or marking. Optical systems can utiliZe detectors 
capable of sensing ultraviolet, visible, infrared, or any other 
suitable portion of the electromagnetic spectrum. 

[0048] In another optical method, optical beacons (e.g., 
retro-re?ectors or projected light spots) may be mounted in 
knoWn locations (e.g., on the ceiling), and an optical sensor 
on the cart 30 can determine angles betWeen the sensor and 
the beacons. The CIU can determine the position of the cart 
30 from these angles using Well-knoWn methods of trian 
gulation. An example of an optical triangulation system is 
the NorthStar® localiZation system by Evolution Robotics, 
Inc. (Pasadena, Calif.). 

[0049] External override systems may be readily imple 
mented With either EAS or VLF limit line marking methods. 
For example, the override system can include a sWitch unit 
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(e.g., a Wall-mounted key sWitch operable by store employ 
ees) that turns off or otherWise modi?es the signal transmit 
ted by a VLF line or an EAS pedestal. The absence of a 
marking signal at the stop line 42 may indicate that the cart 
30 is authorized to travel into (or through) the restricted area 
40. If the CIU on the cart 30 detects a modi?ed signal, the 
CIU may perform an action that is modi?ed from its default 
behavior such as, for example, doing nothing or just actu 
ating a Warning system. Also, as described above, an exter 
nal device (e.g., a handheld mobile control unit carried by a 
store employee) can be used to communicate With the CIU 
and direct that cart poWer be re-enabled. 

[0050] Some embodiments of the cart containment system 
may utiliZe a combination of the above methods. For 
example, EAS toWers may be used at store exits, While a 
buried VLF line may be used in a parking lot. In this case, 
the CIU on a cart 30 may include both an EAS and a VLF 
receiver. Alternatively, the CIU may use information from 
the EAS and/or VLF signals to determine a suitable action 
to perform. For example, the probability of cart theft at a 
store exit might be loW, and upon detecting an EAS signal 
at the exit, the CIU may simply cut poWer to the cart motor, 
Which can coast to a stop. The customer using the cart can 
remove his or her goods, and the store can readily retrieve 
the cart. HoWever, the probability of cart theft at the perim 
eter of a store parking lot may be higher. Accordingly, upon 
detecting a signal from a VLF line embedded at the perim 
eter, the CIU may cut poWer to the cart motor and lock one 
or more Wheels on the cart to prevent theft of the cart. Many 
scenarios are possible and the decision logic used by a cart 
CIU can be speci?ed to suit the scenario. 

[0051] In other implementations, methods discussed 
beloW for cart localiZation may alternatively or additionally 
be used. For example, instead of using EAS toWers, the 
system can use one or more Wireless access points (APs) to 
transmit a signal (e.g., a 2.4 GHZ signal) to indicate the 
location of the stop line 42. 

[0052] Single limit line systems provide bene?ts such as 
simple installation (e.g., they may use preexisting EAS or 
VLF markers) and ease of use (e.g., simple CIU decision 
logic). HoWever, single limit line systems suffer from a 
potential draWback of not being able to support more 
complex store geometries or handle more complicated deci 
sion logic dealing With a variety of possible cart tracks. 

[0053] 2. Multiple Limit Line Systems 

[0054] FIG. 2 schematically illustrates an example of a 
cart containment system that uses tWo limit lines; hoWever, 
this is not a limitation of the system, and more limit lines can 
be used in other embodiments. The limit lines illustrated in 
FIG. 2 include a stop line 42 and a caution line 44 placed 
near a restricted area 40 at a store exit. The limit lines 42 and 
44 can be marked by one or more of the methods described 
herein. For example, the limit lines 42 and 44 can be marked 
by EAS or VLF transmitters or magnetic markers or con 
ductive stripes. For illustrative purposes only, FIG. 2 indi 
cates the stop line 42 is marked With a pair of EAS pedestals 
While the caution line 44 is marked With a VLF signal line; 
hoWever, any of the marking methods described herein can 
be used in other implementations. Also, as described above, 
limit lines can be placed at additional or different locations 
in or near the store (e.g., in a parking lot). 

[0055] In the embodiment shoWn in FIG. 2, the cart 
containment system uses information related to the location 
of a cart 30 relative to the tWo (or more) limit lines and the 
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cart’s direction of travel (and/or speed) to make a determi 
nation Whether to, for example, inhibit cart motion, actuate 
a warning system, or take some other suitable action, either 
alone or in combination. In making this determination, the 
cart containment system may utiliZe information from the 
cart’s motor controller and/or steering controller to deter 
mine, for example, Whether the cart 30 is being operated in 
forWard or reverse, its turning direction and likely path, 
and/ or its speed. The containment system may also use other 
information as Well, such as Whether the front or the back of 
the cart 30 is crossing a limit line. Although the examples 
described herein are largely in the context of preventing cart 
motion into a restricted area, in other implementations the 
cart containment system may be con?gured to perform 
additional or different actions such as, for example, limiting 
the speed or the direction of travel of a cart. In other cases, 
the system may simply detect the location of the cart and 
communicate information related to the detection to another 
processing system. Many variations are possible. 

[0056] In the example shoWn in FIG. 2, the store option 
ally provides cart charging spots 50a and 50b that can be 
used to park carts and to recharge their batteries When not in 
use. TWo charging spots 50a, 50b are depicted, hoWever 
feWer or more spots can be used. The cart charging spots 
50a, 50b are not an element of the cart containment system 
(and are not required for its use) but are included in the 
example in FIG. 2 to illustrate the type and variety of cart 
movements that occur in a retail store environment and that 
the containment system can be con?gured to handle. 

[0057] FIG. 2 schematically illustrates three possible 
tracks 34, 36, and 38 that a cart 30 might take near the store 
exit. The tracks 34 and 36 are examples of permitted cart 
paths, While the track 38 is an example of a prohibited cart 
path. The cart containment system may be con?gured to 
inhibit the movement of a cart 30 traveling on a prohibited 
path, While taking no (or limited) action for carts on per 
mitted paths. The three tracks 34, 36, and 38 shoWn in FIG. 
2 are intended to be representative of typical cart paths near 
a store exit and are not intended to be limitations on the types 
of cart movement that the cart containment system can 
handle. The cart containment system can be con?gured to be 
responsive to the speci?c types of cart paths found in any 
particular store or facility. 

[0058] The track 34 is an example of a permitted path near 
the store exit. A customer drives a cart 3011 into one of the 
available charging spots 50a. In this example, the cart 30a 
is in the charging spot 50a nearest the store exit, Which is as 
close to the restricted area 40 as the store permits. The 
caution line 44 may be placed just exit-Ward of the charging 
spot 5011 as shoWn in FIG. 2. 

[0059] The track 36 (With portions 36a and 36b) is an 
example of a customer driving a cart 30b in reverse along the 
portion 36a to back out of the charging spot 5011 and then 
driving the cart 30b forWard along the portion 36b to enter 
the store. The track 36 is an example of a “y”-tum and is a 
permitted path for store entry. The cart 30b depicted in FIG. 
2 may be the cart 3011 or another cart parked near the store 
exit (e.g., a cart parked in charging spot 50b). In making the 
“y”-tum along the portion 36a, the cart 30b crosses the 
caution line 44 in reverse. The cart containment system can 
be con?gured to alloW such reverse motion of the cart 30b 
unless the track 36a crosses the stop line 42. In this case, the 
containment system may, for example, inhibit cart motion to 
prevent the cart 30b from being driven out of the store in 
reverse. Accordingly, the caution line 44 should be placed a 
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short distance from the stop line 42, about one to tWo cart 
lengths in some embodiments, to permit such “y”-tums. The 
portion 36b Wherein the cart 30b travels forWard across the 
caution line 44 is a permitted path, and the containment 
system generally Will take no further action in this case. 

[0060] The track 38 is generally similar to the track 32 
shoWn in FIG. 1 and depicts a customer attempting to drive 
a cart 300 out of the store exit. The cart containment system 
may be con?gured to inhibit or prevent movement of the cart 
300 into the restricted area 40 along the prohibited track 38. 
In embodiments having a warning system, the containment 
system may actuate the Warning system When the cart 300 
crosses the caution line 44. For example, the Warning system 
may provide a warning signal, alarm, or synthesiZed (or 
recorded) voice warning the customer to sloW doWn and 
stop. If the customer ignores or is unable to respond to the 
Warning and the cart 300 crosses the stop line 42, the 
containment system can then inhibit cart motion by, for 
example, cutting motor poWer, throttling cart speed, or 
applying a brake. Accordingly, the caution line 44 preferably 
is placed a short distance aWay from the stop line 42 to 
permit the customer to respond to the Warning. 

[0061] The cart containment system can include other 
features. For example, one embodiment may provide for a 
time lag betWeen When the cart 30 crosses the stop line 42 
and When the cart motion is inhibited by the CIU. This time 
lag permits a customer to drive the cart 30 back into the store 
(e.g., someWhere on the store side of the stop line 42 or the 
caution line 44) before the CIU inhibits the cart’ s movement. 
In some implementations of the containment system, the 
store may post noti?cations, instructions, and/or use guide 
lines regarding the containment system to alert customers to 
the presence of the system and possible consequences of not 
appropriately using the carts. 

[0062] The cart containment system may communicate 
With other devices on or off the cart 30. For example, the 
system may transmit a signal to a central control unit (CCU) 
located in the store that stores and processes information 
related to movement of carts across the limit lines. The 
system may communicate With an output device on the cart 
(e.g., a display screen or voice synthesis unit). For example, 
the containment system may provide the Warnings described 
above or other noti?cations (e.g., the time until the CIU 
stops the cart) on the output device. In other embodiments, 
the containment system may provide a greeting or other 
information (e.g., regarding sales or special offers) to a 
customer that is entering the store along a permitted path 
(e.g., track 36). Many other variations are possible, and 
further details regarding systems for tracking movement and 
status of vehicles can be found in US. patent application 
Ser. No. 11/277,016, ?led Mar. 20, 2006, titled TWO-WAY 
COMMUNICATION SYSTEM FOR TRACKING LOCA 
TIONS AND STATUSES OF WHEELED VEHICLES, 
(hereinafter, the “TWo-Way Communication Application”), 
Which is hereby incorporated by reference herein in its 
entirety. 
III. Commanded Approach 

[0063] Certain preferred embodiments of the cart contain 
ment system use a “commanded” approach for determining 
the location of the cart and providing commands to the CIU. 
FIG. 3 schematically illustrates a retail store that implements 
a commanded cart containment system. Some of the features 
shoWn in FIG. 3 have already been described With reference 
to FIGS. 1 and 2 and Will not be further discussed except 
Where there are differences. The cart containment system 
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utilizes tWo limit lines, the stop line 42 and the caution line 
44; however, other systems may utilize feWer or more limit 
lines. 

[0064] In the commanded approach, one or more external 
components (described beloW) are used to measure the 
location of the cart 30 in order to determine the cart’s 
location relative to at least one of the limit lines 42, 44. In 
some commanded systems, an optional external processor, 
such as a central control unit (CCU) installed in the store, 
uses information including the cart’s relative position to 
decide, for example, Whether to inhibit or permit further cart 
motion. The CCU communicates this decision (or com 
mand) to a CIU on the cart (e.g., via Wireless transmission), 
and the CIU performs the appropriate action (e.g., cutting 
poWer to the motor). In other commanded systems, the 
external components used to determine the cart’s location 
communicate location information to the CIU (e.g., via 
Wireless transmissions), and the CIU implements decision 
logic to determine Whether to take any action. Such systems 
are advantageous if communication betWeen the CIU and 
external components is not alWays reliable. For example, if 
communications are interrupted, the CIU can use its most 
current location information from the external components 
as a starting point for a dead reckoning navigation system to 
determine its subsequent location. Further details of a dead 
reckoning navigation are found in the above-incorporated 
navigation system application. 

[0065] Altemately, some commanded systems may com 
bine aspects of the above systems, for example, by sharing 
the decision logic among the CIU, the CCU, and the external 
location components. Some commanded systems may 
implement several of the above systems (e.g., a CCU-based 
system as the default With a CIU-based system as a fall back 
in the event that communications from the CCU are inter 
rupted). 
[0066] A Wide variety of electromagnetic, optical, and 
acoustic components can be used to determine the location 
of the cart 30. Several preferred systems and methods for 
cart localiZation Will noW be described. HoWever, it is 
contemplated that any suitable location measuring system 
can be used With the cart containment system. 

[0067] l. Angle-of-Arrival Detectors 

[0068] In the example shoWn in FIG. 3, the location of the 
cart 30 is determined With reference to tWo angle-of-arrival 
detectors 52 and 54. The cart 30 includes a radio frequency 
(RF) transmitter (or transceiver) 51 that transmits an RF 
signal. The transmitter may be included in the CIU or 
positioned elseWhere on the cart. For example, as shoWn in 
FIG. 3 the RF transmitter 51 may be positioned at the front 
of the cart. Preferably, the RF transmitter is positioned on the 
cart 30 several feet above the ?oor of the store so that the RF 
path to the detectors 52, 54 (Which can be Wall-mounted 
about nine to tWelve feet above the ?oor) is relatively 
unimpeded. The angle-of-arrival detectors 52 and 54 detect 
the RF signal from the transmitter 51, and each detector 
determines a transmission angle With respect to a reference 
direction. As shoWn in FIG. 3, the detectors 52 and 54 
preferably are mounted at opposite ends of one of the limit 
lines (e.g., the caution line 44 in FIG. 3), Which conveniently 
serves as the reference direction. Accordingly, the detector 
52 can determine an angle 6 made by the cart 30 With respect 
to the caution line 44, and the detector 54 can measure a 
corresponding angle 4) as shoWn in FIG. 3. The location of 
the cart 30 relative to the caution line 44 can be determined 
using standard trigonometric techniques. For example, the 
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perpendicular distance betWeen the cart 30 and the caution 
line 44 is 

tanGtango (1) 
(M) 

where L is the distance betWeen the detectors 52 and 54. 
Additionally, the movement of the cart 30 relative to the 
caution line 44 can be determined by measuring the change 
in the angles 6 and q) With respect to time. 

[0069] The location of the cart 30 relative to the stop line 
42 can also be determined by adding the distance betWeen 
the caution line 44 and the stop line 42 to the perpendicular 
distance given in Equation (1). Similar considerations apply 
if there are more than tWo limit lines. Accordingly, an 
advantage of this embodiment is that a pair of angle-of 
ar'rival detectors 52 and 54 can be used to localiZe the cart 
30 With respect to multiple limit lines. 

[0070] Alternatively, in other implementations, additional 
angle-of-arrival detectors may be mounted at the ends of 
other limit lines. Further, other limit line marking methods 
as described herein can be used to identify the other limit 
lines. 

[0071] FIG. 4 is a block diagram that illustrates electronic 
circuitry in an embodiment of an angle-of-arrival detector 
100. The angle-of-arrival detectors 52 and 54 shoWn in FIG. 
3 may be substantially similar to the detector 100. The 
detector 100 comprises antennas 102 and 104 that are 
con?gured to receive a signal transmission from an RF 
transmitter (or transceiver) disposed on a cart (e.g., the RF 
transmitter 51 shoWn in FIG. 3). The RF signal transmission 
is received substantially simultaneously by the antennas 102 
and 104, Which communicate corresponding received sig 
nals to a phase comparator 108. The phase comparator 108 
measures a difference in phase ACID betWeen the tWo received 
signals. An AD8302 RF/IF Gain and Phase Detector by 
Analog Devices (NorWood, Mass.), Which is operable at RF 
frequencies up to 2.7 GHZ, is suitable for use as the phase 
comparator 108. 

[0072] This phase difference betWeen the signals received 
by the antennas 102 and 104 typically is relatively small, 
especially as the cart nears the limit line. In some embodi 
ments, the phase comparator 108 is more accurate at detect 
ing phase differences of about ninety degrees. Accordingly, 
a ninety-degree phase shifter 106 may optionally be inserted 
into the detector circuit 100 so that the phase comparator 108 
can provide more accurate phase difference measurements. 
For example, FIG. 4 shoWs that the phase shifter 106 
introduces a ninety degree phase shift into the signal from 
the antenna 102 relative to the signal from antenna 104. 

[0073] The phase difference ACID measured by the phase 
comparator 108 is linearly related to the path difference As 
from the source antenna 51 to the tWo receive antennas 102 
and 104. For example, the path difference As is the differ 
ence betWeen the distance from the antenna 51 to the 
antenna 102 and the distance from the antenna 51 to the 
antenna 104. The phase difference is determined from 
A(I>=2J'cAs/7», Where 7» is the Wavelength of the carrier signal. 
A given phase difference ACID can be mathematically 
described as a hyperbola on Which the source 51 is located. 
When the distance betWeen the source antenna 51 and 
receive antennas 102 and 104 is long relative to the distance 
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between the receive antennas 102 and 104, the hyperbola 
can be replaced by tWo asymptotic lines. For example, the 
asymptotic lines corresponding to the angle-of-arrival detec 
tor 52 shoWn in FIG. 3 have slopes related to +6 and —6. The 
ambiguity betWeen +6 and —6 may be resolved by multiple 
techniques. For example, if from throttle position and direc 
tion of travel the cart 30 is knoWn to be moving toWard the 
exit, and if [6] is decreasing in time, then 6 as shoWn in FIG. 
3 is positive. 

[0074] Phase (and optionally RF poWer) measurements 
from the phase comparator 108 are digitiZed by an analog 
to-digital converter 110 and communicated to a micropro 
cessor 120. A poWer supply 118 provides poWer to the 
detector circuit 100. In certain embodiments, the signal 
transmission from the cart is preceded by a modulated 
digital transmission that is received by a single chip radio 
114 via an antenna 112. The modulated digital transmission 
indicates to the microprocessor 120 When to instruct the 
analog-to-digital converter 110 to digitiZe the phase output 
of the phase comparator 108. A CC2500 2.4 GHZ RF 
transceiver available from Texas Instruments (Dallas, Tex.) 
can be used as the radio 114. 

[0075] The angle-of-arrival detector 100 can determine 
Whether the cart is near the limit line (e.g., the angles 6 and 
4) shown in FIG. 3 are approximately Zero) from the fact that 
the phase difference betWeen the signals received at the 
antennas 102 and 104 is approximately Zero, independent of 
the frequency. Accordingly, the angle-of-arrival detector 100 
advantageously can accurately detect the angular bearing of 
the cart 30 relative to the limit line, even as the cart 30 
crosses the limit line. 

[0076] Some embodiments of the angle-of-arrival detector 
100 include an external override sWitch 116 that can be used 
to, for example, cut poWer to or modify the decision logic of 
the microprocessor 120. 

[0077] In some implementations, angle-of-arrival detec 
tors can be placed at other locations in or around the store. 
For example, a single angle-of-arrival detector can be used 
to localiZe the position of a cart 30 that is moving in a 
relatively con?ned area such as, for example, an aisle or 
checkout lane in the store. The angle-of-arrival detector 
determines an angular bearing of the cart 30 Within the 
con?ned space, and the geometrical constraints of the con 
?ned space permit a system to localiZe the cart along this 
angular bearing. 
[0078] 2. Received Signal Strength Indication (RSSI) 
Detectors 

[0079] The cart 30 may be localiZed using a variety of 
received signal strength indication (RSSI) methods. In gen 
eral, RSSI methods utiliZe transmitters (or transceivers) 
placed near the desired location of a limit line. Areceiver (or 
transceiver) on a cart detects the transmitted signal and 
generates an RSSI value. Since the RSSI value is a maxi 
mum at the distance of closest approach to the transmitter, 
the CIU (or a remote processor such as the CCU) can 
localiZe the cart based on the RSSI value. In some imple 
mentations, directionally dependent transmitter antennas are 
used. In such implementations, the cart may be localiZed in 
both direction and bearing from the RSSI transmitter. 

[0080] One RSSI localiZation method determines the 
proximity of a cart to a single transmission source. Avariety 
of transmission sources can be used. For example, a Wireless 
access point (AP) placed near the store exit (as shoWn in 
FIG. 2) can transmit a 2.4 GHZ signal to be received by an 
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antenna on the cart 30. An example of a suitable Wireless 
access point is described in the TWo-Way Communication 
Application (see, e.g., the text describing FIG. 10). In 
another example, the proximity of the cart is measured With 
respect to a shopping cart containment line Which transmits 
a marking signal, such as a VLF signal. One example of a 
shoppin cart containment line is the 8 kHZ perimeter line in 
the GS System produced by Gatekeeper Systems, Inc. 
(Irvine, Calif.). Alternatively, an EAS toWer (commonly 
present in retail stores) can be used as the source of the 
signal for RSSI measurement. 

[0081] Other RSSI localiZation methods utiliZe measure 
ment of multiple RSSI values from spatially distinct signal 
sources. In one example, multiple EAS toWers are used (e. g., 
the toWers shoWn in FIGS. 1 and 2). For example, many 
retail stores have pairs of EAS toWers placed near store 
exits/entrances. Generally, a physical barrier prevents carts 
(and customers) from exiting except betWeen tWo toWers. 
An EAS interrogation signal is generated alternately from 
each toWer. In an example RSSI localiZation method, an 
EAS receiver on the cart measures an RSSI value from each 
of the tWo toWers. By comparing the measured RSSI values, 
the CIU can localiZe the cart relative to the toWers. In some 
cases, the CIU uses the RSSI values to calculate an esti 
mated distance from the toWers; hoWever, in other cases, the 
CIU uses a threshold technique. For example, if each of the 
RSSI values is beloW a threshold value, the cart is su?i 
ciently far from the toWers, and the CIU does not need to 
implement methods to inhibit cart movement. 

[0082] 3. Optical Detectors 

[0083] Optical detectors including but not limited to ultra 
violet, visible, and infrared detectors can be used With cart 
localiZation systems. A cart 30 may be localiZed using 
optical techniques, including any of the optical methods 
described above for autonomous localiZation approaches. In 
another method, cameras (or other suitable optical detectors) 
are placed at locations near the store exit (e.g., mounted on 
Walls or the ceiling) and are used to image the cart. Image 
visualiZation softWare can localiZe the cart by processing the 
camera images as is knoWn in the art. In some cases, the 
cameras image speci?c features or portions of the cart. To 
enhance the accuracy and detectability achieved With this 
optical recognition method, additional features (e.g., re?ec 
tive elements) can be added to the cart 30. 

[0084] 4. Acoustic Detectors 

[0085] Acoustic localiZation is used in some implementa 
tions of the cart containment system. Acoustic localiZation 
systems can use detectors con?gured to sense acoustic 
signals having any suitable acoustic frequency including, for 
example, ultrasonic frequencies. For example, in one imple 
mentation, an ultrasonic transmitter is disposed on the cart 
30 and con?gured to emit an ultrasonic signal, such as a 
chirp. Ultrasonic detectors (or receivers) are positioned near 
the store exit and used to detect the ultrasonic signal. The 
cart 30 can be localiZed using Well-knoWn time-of-?ight 
triangulation methods. 

[0086] 5. Cart Orientation 

[0087] The above-described approaches can be used to 
localiZe a reference point on the cart 30. For example, the 
reference point may be the RF signal transmitter (shoWn in 
FIG. 3) in angle-of-arrival based approaches, or the receiv 
ing antenna in RSSI based approaches. 

[0088] In some embodiments of the cart containment 
system, an orientation of the cart is determined by localiZing 
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the position of the front of the cart relative to the position of 
the back of the cart. In these embodiments, any of the 
above-described localization approaches can be used to 
localiZe reference points on the front and back of the cart. In 
some localiZation methods, a tWo-dimensional coordinate 
position can be determined for each reference point, and the 
orientation may be determined as a relative displacement 
vector from the back reference point to the front reference 
point. In other localiZation methods, the proximity of a 
reference point to a signal transmitter is determined (e. g., an 
EAS toWer or VLF line). In these methods, orientation 
information includes a determination of Whether the front 
(or back) of the cart is closer to the signal transmitter. 

[0089] In certain embodiments, tWo (or more) sensors 
mounted on the cart that have different angular directional 
characteristics can be used to determine the cart orientation. 
For example, in an RSSI approach, tWo antennas having 
different directional antenna patterns can be used. In one 
embodiment, Which is described further beloW With refer 
ence to FIG. 5B, an omnidirectional antenna and a direc 
tional antenna are mounted on the cart and con?gured to 
communicate With the CIU. Comparison of RSSI values 
measured by each antenna can be used to calculate cart 
orientation. 

[0090] It is to be understood that implementations of the 
cart containment system may use one, some, or all of the 
above-described methods and apparatus to determine cart 
localiZation. The choice of localiZation methods and appa 
ratus Will depend, for example, on budget constraints, 
Whether an existing ?eet of carts must be retro?t With CIU 
and antennas, the desired accuracy of the localiZation, the 
layout of the facility near restricted areas, and many other 
particular implementation-dependent details. 

IV. Cart Interface Unit (CIU) 

[0091] As described above, the CIU is disposed in or on 
the cart 30 and includes electronic circuitry to, for example, 
reduce or cut poWer to the cart motor, apply a Wheel brake 
or lock, or actuate a Warning system. The CIU may be a 
separate unit originally installed or retro?tted into a cart, or 
its functions and components may be distributed in circuitry 
throughout the cart. 

[0092] FIG. 5A schematically illustrates one embodiment 
of a CIU 30011 that includes an antenna 302 and a transceiver 
(or receiver) 304 used to receive signals from external 
components such as angle-of-arrival detectors 52, 54, 100 
and/or an optional CCU installed in the store. The antenna 
302 preferably is an omnidirectional antenna such as, for 
example, an Sl5lAM-2450S collinear dipole antenna avail 
able from Nearson, Inc. (Spring?eld, Va.). The antenna 302 
can be disposed in the CIU 300a; hoWever, in other embodi 
ments, the antenna 302 is disposed elseWhere on the cart 30 
to provide better sensitivity (e.g., on a light pole extending 
above the cart’s frame). A CC2500 2.4 GHZ RF transceiver 
available from Texas Instruments (Dallas, Tex.) can be used 
as the transceiver 304. Signals from the transceiver 304 are 
communicated to a microprocessor 306. In some embodi 
ments, the functions of the transceiver 304 and the micro 
processor 306 are combined in a single component such as, 
for example, a Chipcon CC2510 radio transceiver/micro 
controller. The CIU 300a may also have an optional EAS 
receiver (or transceiver) 330 to detect signals from EAS 
toWers. Additionally, the CIU 300a may include an optional 
VLF receiver 340, Which preferably is positioned outside the 
CIU 300a and underneath the cart chassis to better detect 
signals from buried VLF lines. 
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[0093] The microprocessor 306 communicates With a 
throttle interface 308, Which receives speed and direction 
information (e.g., forWard or reverse) from a throttle 310. A 
driver of the cart 30 can also access the throttle 310 in order 
to give ordinary driving instructions to the cart’s motor 
controller 312. Depending on the decision logic of the 
containment system (described beloW), the microprocessor 
306 can communicate instructions to the throttle interface 
308 to change speed or direction. The throttle interface 308 
is connected to the motor controller 312, Which can adjust 
the motor according to the instructions from the micropro 
cessor 306. For example, if the cart 30 crosses the stop line 
42, the microprocessor 306 can instruct the throttle interface 
308 to ignore the driver’s input to the throttle 310 and can 
further instruct the throttle interface 308 to sloW or stop the 
cart. 

[0094] Optionally, the microprocessor 306 can communi 
cate With a steering position sensor 314 in the cart 30 to 
determine the directional heading of the cart 30. 

[0095] In one embodiment, the throttle interface 308 is 
con?gured so that the microprocessor 306 can only reduce 
the speed of the cart 30 relative to the speed requested by the 
driver of the cart through the throttle 310. In this embodi 
ment, the CIU 30011 is con?gured not to increase the cart 
speed and (optionally) not to change the direction of travel 
of the cart. This embodiment bene?cially increases the 
safety of the cart containment system in the case of a logic 
error by the microprocessor 306 (or other system component 
such as the CCU). For example, if the microprocessor 306 
erroneously issues a command for the throttle interface 308 
to cause the cart to move, the cart 30 Will nonetheless come 
to a stop if the driver releases the throttle 310. 

[0096] FIG. 5B schematically illustrates an example of a 
CIU 30019 that can be used With a cart containment system 
that utiliZes RSSI for localiZation of a cart. Some features of 
the CIU 30019 are generally similar to the CIU 300a shoWn 
in FIG. 5A, and only the differences Will be further 
described. The CIU 3001) includes tWo antennas: an omni 
directional antenna 320 and a directional antenna 322. In 
some implementations, hoWever, the antennas 320 and 322 
may both be omnidirectional or directional. The omnidirec 
tional antenna 320 may be an Sl5lAM-2450S collinear 
dipole antenna available from Nearson, Inc. (Spring?eld, 
Va.), and the directional antenna 322 may be an LPY244P 
four-bay patch antenna available from Ramsey Electronics 
(Victor, NY). In the example shoWn in FIG. 5B, the 
antennas 320 and 322 are positioned outside the CIU 30019 
at other locations on the cart 30. For example, one (or both) 
antennas 320, 322 may be disposed on a support structure 
extending above the frame of the cart 30 (e.g., on a pole that 
supports a safety light). 

[0097] The CIU 3001) can include an alarm unit such as the 
beeper 324 shoWn in FIG. 5B. As described above, the alarm 
unit can be part of a Warning system that provides, for 
example, an audible alert to the driver if the cart 30 crosses 
a limit line. 

[0098] The CIU 300!) shown in FIG. 5B has an interlock 
system by Which the microprocessor 306 can lock the motor 
controller 312 to prevent further movement of the cart 30. 
The interlock can be overridden by using an optional unlock 
key 326 that can be accessed by an authorized store 
employee. In some embodiments, the unlock key 326 is a 
manual lock-and-key unit, While in other embodiments, the 
unlock key 326 is electronically actuated by, for example, a 
signal broadcast from the store’s CCU or from a mobile 
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control unit carried by an authorized store employee. The 
interlock system can be part of an external override system 
as described above. In some embodiments, the CIU 3001) 
also includes a sWitch that can be used to connect either or 
both of the antennas 320, 322 to the transceiver 304. 

[0099] The CIR 3001) is preferably mounted in the front 
portion of the cart 30 Which enables the CIU to detect limit 
line signals (e.g., EAS or VLF) When the front, rather than 
the back, of the cart is nearing the limit line. Additionally, by 
mounting the CIU 3001) so that it turns With the steering 
column of the cart 30, the cart’s pointing direction (e.g., 
heading) may be determined. For example, a reference 
transmitter can broadcast a signal, and the CIU can compare 
the RSSI values detected by the omnidirectional antenna 320 
and by the directional antenna 322 to determine a heading. 
Such implementations may eliminate the need for the 
optional steering position sensor 314. In some implementa 
tions, the reference transmitter can be a 2.4 GHZ signal from 
a Wireless access point, such as the access point described 
With reference to FIG. 10 of the TWo-Way Communication 
Application. 

[0100] In some embodiments, the CIU is con?gured With 
a unidirectional receiver and can detect RF signals (e.g., 
EAS, VLF, Wireless AP) in order to determine the location 
of the cart. The CIU then uses suitable decision logic 
(discussed beloW) to determine Whether, for example, to 
inhibit cart motion or provide a Warning. A unidirectional 
receiver can also be used to receive commands from a CCU, 
a mobile control unit, or an Wireless external override 
system. HoWever, in other embodiments, the CIU is con?g 
ured With a bidirectional receiver (e.g., a transceiver). In 
such embodiments, the CIU can receive signals as described 
above as Well as transmit signals to external receivers or 
transceivers. Such embodiments may use the bidirectional 
receiver to transmit information including but not limited to 
the status of cart components (e.g., battery level), cart 
location, Whether the cart containment system has been 
activated, Wheel lock status, or any other suitable informa 
tion. 

[0101] In certain embodiments, such as an autonomous 
containment system Wherein the CIU is not con?gured to 
communicate With external RF devices, the antennas 302, 
320, and 322 and the transceiver 304 are optional compo 
nents. 

V. Decision Logic for a Cart Containment System 

[0102] The cart containment system is adapted to use 
decision logic to determine Whether to take certain actions 
When a cart is in the vicinity of the store exit. As described 
above, these actions include but are not limited to Warning 
a driver, inhibiting cart motion, and locking the cart’s 
Wheels. The particular decision logic may be based on the 
speci?c con?guration of the retail store, the types of per 
mitted and prohibited cart tracks, the number of limit lines 
used, and the type of information that can be acquired about 
the cart’s speed, location, and direction. The decision logic 
can include a set of default rules as Well as rules tailored for 
a particular implementation of the system. 

[0103] The decision logic and the various functions of the 
containment system may be embodied in or controlled by 
executable softWare code that is stored in a computer 
memory or other computer storage device. The softWare 
code may be executable by a general purpose computer or 
processor. Some of the functions alternatively may be imple 
mented in-Whole or in-part in hardWare such as application 
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speci?c integrated circuits (ASICs), ?eld-programmable 
gate arrays (FPGAs), and programmable logic devices 
(PLDs). Some or all of the decision logic and system 
functions may be implemented by the CIU on the cart; 
hoWever, some logic and functions may be implemented on 
a remote processor that communicates With the CIU. Any 
feasible combination of the various features, functions, and 
decision logic described herein may be embodied in a given 
system, and all such combinations are contemplated. 

[0104] The decision logic presumes that the containment 
system has access to information including, but not limited 
to, locations of the limit lines and location and movement of 
the cart relative to the limit lines. In various implementa 
tions, location can include, for example, a tWo-dimensional 
coordinate position, an angular bearing from a ?xed object, 
or a measure of proximity to a transmitter or marking line. 
In some cases, cart location information includes the orien 
tation of the cart. In some autonomous systems, since the 
cart can detect only Whether it has (or has not) crossed a limit 
line, location information is generally qualitative (e.g., 
Whether the cart is on the store-side or the exit-side of the 
limit line). HoWever, in other systems (particularly in some 
commanded systems), cart location information includes 
quantitative location information, e.g., a measured distance 
or a bearing angle. 

[0105] The information used in the decision logic may 
also include the orientation of the cart and its direction of 
travel of the cart 30 including, for example, Whether the cart 
30 is moving toWard the store, toWard an exit, or approxi 
mately parallel to one or more limit lines. The information 
may also include data obtainable from the cart’s motor, 
motor controller, steering controller, throttle, or other com 
ponent. For example, the data may include a throttle value 
and Whether the motor is operating in forWard or reverse. In 
some cases, the data may include the speed and/or direc 
tional heading of the cart. For example, the navigation 
system described in the above-incorporated navigation sys 
tem application provides an estimate of a cart’s speed and 
heading based on the rotational motion of one (or more) of 
the cart’s Wheels. 

[0106] The decision logic may also account for character 
istics of the store (e.g., its layout), characteristics of the carts 
(e.g., the distance needed for a cart to coast to a stop), and/or 
other optional features such as Whether Warnings are given 
to the cart driver. The decision logic may also provide for 
different actions to be taken depending on the type of 
limit-line marking signal received by the CIU (e.g., EAS or 
VLF). Many variations in decision logic are possible. 

[0107] FIG. 6A is a block diagram for the process How in 
a cart containment system using tWo limit lines. This 
example is not intended as a limitation on the range of 
decision logic that is possible and is intended as an illus 
trative example only. The decision logic, With suitable 
variations, is applicable to both autonomous and com 
manded containment systems. In block 410 the system 
determines the location of the cart (or other vehicle) With 
respect to a ?rst limit line (e.g., the caution line 44 shoWn in 
FIGS. 2 and 3) and a second limit line (e.g., the stop line 42 
shoWn in FIGS. 1-3). In block 414, the system determines 
the direction of motion of the cart With respect to the ?rst and 
the second limit lines. If the cart is moving aWay from the 
limit lines, generally no action is taken. In block 418, the 
system determines the movement of the cart With respect to 
the limit lines. For example, the system may use cart 
localiZation information to determine Whether the cart has 








