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LOCATION-AWARE ADVERTISING TO
VENDING MACHINE USERS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/240,139 filed Sep. 4, 2009 entitled
“Location-Aware Advertising to Parking Location Users,”
which is incorporated herein by reference for all purposes.

BACKGROUND

[0002] Generally, advertising that is more relevant to those
viewing the advertising is more effective in spurring desired
sales. That is, advertising that is more relevant to a recipient is
more likely to result in a purchase decision by the recipient.
Advertising that is directed to a recipient based on the recipi-
ent’s geographical location can be used to tailor the advertis-
ing content to the recipient and is one way of increasing the
relevance of the advertising. It has been found generally that
such location-aware advertising is more effective than undi-
rected “broadcast” advertising.

[0003] There are many techniques for determining geo-
graphic location of a recipient for purposes of directing adver-
tisements to the recipient. One form of location-aware adver-
tising is at a point-of-sale. Such point-of-sale advertising
depends on the physical presence of a person at a location as
an indicator of products or services for which the person
might be interested. Given that the user’s location is essen-
tially the only data item about the user that is known, such
techniques are not especially likely to generate relevant
advertising and are not especially successful.

[0004] One means for determining location for advertising
is to use a mobile telephone, also referred to as a cell phone.
Using a cell phone for location determination has great
appeal, due to the large number of persons who carry a cell
phone and the great market penetration of such use.

[0005] When a user who subscribes to a cell phone service
makes a call, the user’s cell phone communicates with the
service infrastructure via cell towers. As the user of the cell
phone moves about, the cell tower handling the user’s call
changes according to the user’s location. The nearest cell
tower usually handles the call. The cell towers are typically
spaced apart at distances depending on terrain and usage
patterns. Typical cell tower spacing can be as little as approxi-
mately 2 mile (1 km) up to as much as 25 miles (40 km).
Thus, the cell tower being used by a cell phone helps deter-
mine a very approximate location of the cell phone. Some cell
phone carriers, by prior arrangement with their cell phone
subscribers, may utilize cell phone call records to promote
marketing.

[0006] Itshould be apparent that cell tower spacing is not of
especially great precision in determining geographic loca-
tion. Moreover, cell phone location can be extremely transi-
tory, because the cell phone user could be merely travelling
through a cell area toward a final destination. This further
calls into question the reliability of location determination by
cell phone usage. More recently, location determination by
the Global Positioning Satellite (GPS) system has been inte-
grated into many mobile devices, such as cell phones (often
referred to as “smart phones”) and other portable communi-
cation devices. Accuracy of position location by the GPS
system depends on many factors, such as terrain, weather,
visibility of open sky, and the like, but generally provides a
geographic location with an accuracy in a range within about
thirty feet (10 meters) to less than ten feet (2-3 meters). Such
accuracy is an improvement over cell tower spacing for loca-
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tion-aware advertising, but not all cell phone users have GPS-
enabled devices, because GPS phones are a relatively recent
arrival to the market, and not all users have agreed to make
their location data available, due to privacy concerns.

[0007] It should be apparent that dependency on physical
presence alone, or on mobile devices, for determining geo-
graphic location information is not sufficient for reliable
directing of advertising content for increasing the likely rel-
evance of the content. What is needed are more reliable tech-
niques for increasing the relevance of location-aware adver-
tising. The present invention satisfies this need.

SUMMARY

[0008] As disclosed herein, a payment system for parking
locations communicates with a plurality of parking meters,
each of which is associated with a predetermined geographic
location corresponding to a parking location. The system
receives user identifying information via a user communica-
tion for payment for a parking session at a parking location
identified by the user communication, and determines a user
credit/debit card data for payment of the parking session
based on the user identifying information. Data related to the
parking session at the geographic location of the parking
meter is stored in a database associated with a parking history
of the user, and determines one or more advertisements to
communicate to the user based on the geographic location of
the parking meter and previously stored data related to the
parking history of the user.

[0009] Other features and advantages of the present inven-
tion should be apparent from the following description of
preferred embodiments that illustrate, by way of example, the
principles of the invention

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention is now described, by way of a non-
limiting example, with reference to the accompanying draw-
ings, in which:

[0011] FIGS. 1A, 1B, and 1C are schematic illustrations of
embodiments of single space parking meters.

[0012] FIG. 2A shows a functional block diagram of a
removable meter unit used in the parking meter of FIG. 1A.

[0013] FIG. 2B shows a functional block diagram of a
removable meter unit and a tag device used in the parking
meters of FIGS. 1B and 1C.

[0014] FIG. 3 is a schematic illustration of a parking meter
system which uses a number of the parking meters of FIGS.
1A, 1B and/or 1C.

[0015] FIG. 4 shows an example of a local group of parking
meters that can be monitored by the parking meter system of
FIG. 3.

[0016] FIG. 5 shows another example of a local group of
parking meters that can be monitored by the parking meter
system of FIG. 3.

[0017] FIG. 6 shows a flowchart of an embodiment of a
process for automatic location reporting performed by a
meter such as the parking meters of FIGS. 1A, 1B and/or 1C
in the system of FIG. 3.

[0018] FIG. 7 shows a flowchart of an embodiment of a
process of operating a meter to receive configuration updates
and/or to report meter operating data.

[0019] FIG. 8 shows a flowchart of an embodiment of a
process for operating a data manager to initiate configuration
updates with a meter.
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[0020] FIG. 9 shows schematically a parking meter man-
agement system for monitoring and updating a parking meter
system.

[0021] FIGS. 10A and 10B show examples of user interface
screens regarding meter locations generated by the parking
meter management system of FIG. 9.

[0022] FIGS. 11A and 11B show examples of user interface
screens regarding financial data generated by the parking
meter management system of FIG. 9.

[0023] FIG. 12 shows an example of a user interface screen
regarding credit card transactions generated by the parking
meter management system of FIG. 9.

[0024] FIGS. 13A and 13B show examples of user interface
screens regarding coin collection generated by the parking
meter management system of FIG. 9.

[0025] FIG. 14 shows an example of a user interface screen
regarding battery status generated by the parking meter man-
agement system of FIG. 9.

[0026] FIG. 15 shows an example of a user interface screen
regarding terminal events generated by the parking meter
management system of FIG. 9.

[0027] FIGS. 16A, 16B and 16C show examples of user
interface screens regarding meter configuration generated by
the parking meter management system of FIG. 9.

[0028] FIG.17is aflowchart of an embodiment of a process
for operating a meter with the parking meter management
system of FIG. 9.

[0029] FIG.18is ablock diagram of a computer system that
may incorporate embodiments of the disclosure for perform-
ing the operations described herein, including operations of
the parking meter management system of FIG. 9.

[0030] FIG. 19 is a block diagram illustrating examples of
various electrical and other components of a parking meter
device.

[0031] FIG. 20 is a flowchart of processing for targeting
localized advertising to a user of a wireless device, where the
user of the wireless device was identified as having made a
payment at a meter such as the parking meters of FIGS. 1A,
1B and/or 1C in the system of FIG. 3.

[0032] In the appended figures, similar components and/or
features may have the same reference label. Further, various
components of the same type may be distinguished by fol-
lowing the reference label (e.g. “6) by a dash and a second
label that distinguishes among the similar components (e.g.
“6-1” and “6-27). If only the first reference label is used in the
specification, the description is applicable to any one of the
similar components having the same first reference label irre-
spective of the second reference label.

DETAILED DESCRIPTION

[0033] Described herein is a technique in which the geo-
graphic location of a user who completes payment for time at
a parking location via a mobile communication system is
captured by a parking payment system. The mobile commu-
nication system may comprise, for example, a so-called pay-
by-cell arrangement that makes use of cell phone communi-
cations. Other forms of mobile communication can be
accommodated, such as WiFi or Internet-based communica-
tions between the user and/or the meter and the parking pay-
ment system, such that a user who wants to utilize a parking
location initiates communication with the parking payment
system and provides identification of a parking location and
authorizes payment for using the parking location for a spe-
cific duration of time (i.e., for a parking session). The tech-
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nique may be applied to both single-space and multiple space
parking. It should be understood that reference to single-
space and multiple space parking is a reference to the fidelity
of'location identification that automatically occurs with pay-
ment. That is, if a parking space is located within a parking lot
containing many parking spaces, then it may be that the only
geographic location information for persons parking at the lot
will be a location associated with the lot as a whole. That is,
all vehicles parked in the parking lot may be assigned the
same geographic location. Alternatively, each parking space
in the lot may be identified with a particular geographic
location, which is assigned to the user at the time of making
payment for the parking session, in accordance with the dis-
cussion herein. Parking locations that are single-space loca-
tions will be assumed in this discussion, but it should be
understood that the principles described herein can be applied
to both single-space and multiple space parking. Examples of
single-space parking include on-street, single-stall parking
spaces.

[0034] A user who wants to use the parking payment sys-
tem first registers with the system such that the user provides
a contact number, such as a cell phone (handheld or in-
vehicle) number or other means of making contact with the
system, and provides payment card and/or debit card infor-
mation, or other financial account information, and also
agrees to service terms that permit collection of location data
related to the parking payments. After registration, the user
can pay for using a parking location by initiating communi-
cation with the parking payment system and providing infor-
mation on the parking location and amount of time to be
purchased. The amount of time purchased establishes the
duration of the parking session for which the user has paid.

[0035] The parking location is typically identified to the
user by a location number posted on a parking meter pole or
other fixed object at the parking location. Each parking loca-
tion, such as a single-space stall or a meter number or a
parking lot, is associated with a unique location number in a
database of the parking payment system such that the system
can determine a geographic location for assignment to the
user by matching the location number given by the user with
a predetermined geographic location stored in the database
for that location number. The accuracy of the parking location
datais only limited by the accuracy of the data in the database,
down to inches, if desired. Thus, when the user pays for the
parking session, the parking payment system determines the
user’s parking location, which is associated with a geographic
location, and utilizes the geographic location information to
direct advertising to the user. That is, determining the user’s
parking location inherently determines the user’s geographi-
cal location, corresponding to the parking location, and can
specify the location with virtually unlimited accuracy. That
information is utilized in location-aware advertising.

[0036] In the pay-by-cell arrangement, in which the user
pays for the parking session via a cell phone call to the
parking payment system, the system determines the user
parking location, which corresponds to a precise geographic
location that is thereby known to the system, and utilizes the
geographic location information to direct advertising to the
user. The advertising may be delivered contemporaneously at
the time of parking, such as via a text message (e.g., short
message service or SMS) or voice call or email message or the
like, or the advertising may be delivered at a later delayed
time, viatext, voice, SMS, or email, or via postal mail or some
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other means, or a combination of the two techniques for
contemporaneous and delayed delivery may be used.

[0037] Thus, the geographic location of the parking loca-
tion at which the pay-by-cell user has just parked is matched
to advertising using the known geographic location and any
other information desired. The advertising may be purchased
by clients of the parking payment system in connection with
delivery of advertising wanted by the clients. In this way, the
payment system can select advertising, or can provide loca-
tion information and associated user data to advertising cli-
ents for delivery of content. It should be apparent that the
advertising content can be directed on a local, regional, or
national basis, and can be sent via email, SMS, or text mes-
sage or voice call to the pay-by-cell user. The advertisement
may contain a special promotion code only provided to users
who opt to receive such pay-by-cell advertising. In addition,
purchases associated to such advertising codes may provide
additional benefits to customers, such as in the form of future
times for free parking, for example.

[0038] Alternatively to the pay-by-cell arrangement,
according to one embodiment of a parking meter as described
herein, a parking meter includes a radio transceiver for com-
municating with a parking payment system. As noted, that
transceiver can comprise a cell telephone transceiver. Opera-
tion of the parking meter includes transmitting radio signals
to, and receiving radio signals from, the parking payment
system. Alternatively, the communications between the meter
and the parking payment system can take place over Internet
or WiFi communications, cell phone data networks, voice
communications links, email or text messaging, SMS proto-
cols, and the like, so long as parking location and user iden-
tification data can be transmitted by the meter to the parking
payment system for payment authorization and advertising
can be delivered to the user.

GENERAL DESCRIPTION

[0039] A “meter” as used herein can be any of various
devices configured to measure time, distance, speed, or inten-
sity, or to indicate, record, and/or regulate an amount or
volume, such as, for example, the flow of a gas or an electric
current. As technology has advanced, meters have also
become more advanced. Meters that measure the passage of
time, e.g., parking meters, typically include timer mecha-
nisms similar to those of mechanical watches. Since these
timer mechanisms had limited life spans, the parking meters
were constructed with a fixed housing that was configured to
receive a replaceable meter unit including the meter timer
mechanism. When the timer mechanism wore out, the meter
unit could be replaced. Other types of meters that can have
replaceable meter units include water meters and gas meters
that measure the flow of material, such as water or gas, respec-
tively.

[0040] Many mechanical meters have been replaced by
digital-based meters. Digital meter units can have longer life
spans than their mechanical predecessors, but they still are
replaced when they malfunction, are damaged, or even when
the technology changes.

[0041] With advances in communications, e.g., wireless
telecommunications, it is possible to monitor many meters
remotely. For example, a group of meters can report informa-
tion to a central data manager using wireless communica-
tions. The information reported can be related to financial
transactions such as credit card information or periodic mea-
sures such as the amount of gas or water consumed. Meters
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that communicate local information are often associated with
a specific geographic location. For example, a meter might be
associated with locations such as a parking spot, a house, a
ticket booth, a cash register, a vending machine, and so forth.
The central data manager can maintain a database that asso-
ciates each meter with corresponding meter information such
as transactions or consumption measures.

[0042] A parking meter is typically associated with a single
parking space such that the parking space can be occupied for
a predetermined amount of time in accordance with the
amount of payment received at the meter. Expiration of the
amount of time at the meter exposes the vehicle occupying the
parking space to a fine. Advances in meter technology have
generally not been propagated for managing parking meter
enforcement and parking meter fee payment. Enforcement of
parking meter fees is still largely performed by an individual
manually traveling to each parking space and checking the
time remaining on the associated parking meter. The indi-
vidual is generally charged with noting violations of fee pay-
ment and issuing citations. This is a time-consuming and
costly service. As with many tasks, manual involvement pro-
duces inefficiencies and unreliability.

[0043] For some systems, it is possible to provide payment
to a parking meter via a mobile telephone, also referred to
herein as a cell telephone. Such payment systems are typi-
cally referred to as pay-by-cell systems. The pay-by-cell tech-
nology has evolved in the parking industry as a method for
cashless payment, as an alternative to cash-based payment
and for when debit card, credit card, or other cashless forms of
payment are not readily accessible. This has been especially
true in the single space parking meter market. The pay-by-cell
technology involves each parking meter unit being turned on
(i.e., electrical power is applied) at the time a user initiates a
paid parking period (i.e., begins a parking session). When the
parking meter is turned on, it can communicate with the local
cell telephone infrastructure to complete the payment trans-
action and start the timing process.

[0044] The pay-by-cell technique provides a more conve-
nient cashless payment, and can also have the ability to add
additional time to a parking space remotely. For example, if a
user of a pay-by-cell parking space is stuck in a meeting and
knows that it will be necessary to purchase more time before
the meeting ends, then the user can do so by the following
process, described in Table 1:

TABLE 1

Step  Operation

1 User registers with a parking service provider, providing
credit card and associated cell phone information for
payment of future parking sessions.

2 User decides to use pay-by-cell in a designated location.

3 At the designated location, the user initiates power to the
parking meter and places a call to a central database of the
parking service provider, while the parking meter communicates
with the central database.

4 The user provides information on parking pole/space location
and amount of time to be purchased to the central database.

5 Time is granted and details regarding the purchase are stored
in the central database (service provider hosted).

6 In response to the user payment, the central database
communicates the amount of time purchased to the meter at
the designated location.

7 Some time after initiating the parking session, the user can
decide to pay additional amounts to extend the time period for
the parking session by communicating with the central database
and authorizing payment. However, because the parking meters
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TABLE 1-continued

Step  Operation

are not always awake (they power-down to save power), the
updated time cannot be communicated from the central database
to the meter for display.

8 Because the meter does not display the time added in Step 7,
enforcement requires officers to check with the central
database for paid time, prior to issuing a citation, because
a meter with a display that indicates the parking session has
expired may actually have time remaining, due to the Step 7
payment. This need for checking is cumbersome and time
consuming, making enforcement difficult.

[0045] The parking meter may be a single space parking
meter. Preferably, the single space parking meter displays an
amount of time paid for, thereby not requiring a printer to
print out tickets such as commonly used in multi-space park-
ing meter systems.

[0046] Still further according to the invention, the parking
meter device may have a payment received arrangement for
receiving an instruction from a call center that payment has
been effected, via the call center, from a cell phone.

[0047] The parking meter device may have a solar power
charging arrangement whereby the power supply unit is
recharged by solar energy. The parking meter device may then
also have a power management facility.

[0048] As a further feature, the parking meter device may
have a locating arrangement for determining the location of
the parking meter device. The locating arrangement may be
GPS operable.

[0049] The parking meter device may have a management
communication arrangement for communicating manage-
ment information to a management center. For example such
management information may include malfunction details, a
tampering alert, duration expiration and the location of the
parking meter device.

[0050] Embodiments of the disclosure include a method of
controlling parking in a single parking bay, which includes
accepting payment for parking in the bay by means of coins,
parking tokens, a credit or debit card account, a smart card
(contact or contactless), from an electronic purse, an RFID
tag, or by means of a cellular telephone.

[0051] If payment is effected by means of a cellular tele-
phone, then the method may include receiving an authoriza-
tion signal that payment for the parking has been made. This
signal may be provided by the second financial institution or
from a control center.

[0052] The method of controlling parking may include
sensing a vehicle identifier associated with the vehicle that is
parking at a parking meter. The vehicle identifier uniquely
identifies the vehicle and may comprise a variety of identifi-
cation mechanisms that associate a unique identifier with the
vehicle. For example, the vehicle identifier may be a license
plate number that is optically detected. The vehicle identifier
may be contained in an RFID tag that is attached to the
vehicle. A RFID tag on the vehicle could be activated by a
parking sensor that is located in the street in the parking spot.
The parking sensor can wirelessly communicate the vehicle
identifier to the parking meter. The vehicle identifier may be
stored at a management center and linked with a user identi-
fier (e.g., an RFID tag identification number), the credit/debit
card, phone information and/or email information of the reg-
istered user.
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[0053] The method of controlling parking may include
sensing if a vehicle is parked in the space or bay when the
paid-for parking time has expired or the maximum parking
time has been exceeded and transmitting a time expired signal
to a management centre. A location signal, providing the
location of the parking space, may also be transmitted.
[0054] The data manager may comprise a plurality of data
managers that include one or more local data managers that in
turn communicate with a central data manager on behalf of
the group or any of its members.

[0055] It will thus be appreciated that a predetermined
number of single space parking meters, together with an
associated local data manager, can form a local group, such
that the local data manager communicates with a central data
manager.

[0056] According to another aspect, a vehicle parking con-
trol system includes a number of parking meters that are
members of an operational group; an associated local data
manager that has a complementary transceiver for receiving
radio transmissions from parking meter members of the
operational group and a transmitter for transmitting signals to
the group members, and a communication facility for com-
municating with a central data manager, the grouped parking
meter members and the associated local data manager form-
ing a local group.

[0057] The system may thus include a number of local
groups and a central data manager.

[0058] It will be appreciated that the local data manager
will generally be located less than 150 meters and preferably
less than 80 meters from its associated group members.
[0059] The transceivers may operate in the 2.4 GHz fre-
quency band and may have a power of between 1 mW and 6
mW. At low power levels, batteries could last for months or
even years (e.g., up to three years or more).

[0060] The communication facility of the local hub man-
ager may communicate with the central data manager by
means of a data channel, which may use a cellular telephone
network, a wireless local area network (LAN), a wired LAN
or the Internet.

[0061] Communications between the parking meters and
the central data manager may be in regard to payment autho-
rization, arrival event reporting, payment alerts, time lapse
alerts, status reports, fault reporting and/or configuration and
software updates.

[0062] It will be appreciated by those skilled in the art that
the local data managers may concentrate data received from
their respective parking meter group members before com-
municating with the central data manger; synchronized time
division multiplexing may be used to keep active transmit and
receive times short; data may be encrypted; and messages
may be acknowledged to improve reliable delivery.

[0063] Each group of parking meters and its associated
local data manager may be in the form of a mesh radio
network, such that certain parking meters may act as relays
for other parking meters that don’t have direct communica-
tion with the local data manager.

[0064] Group members may communicate with members
of other groups, as desired for system operation.

[0065] As noted above, the communications between the
user and the parking meter and the parking payment system
may take place over the cell phone network, over Internet or
WiFi connections, over mesh networks, SMS networks, text,
voice, data, and similar networks, and any combination of
these communication schemes. For example, in a pay-by-cell
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arrangement, the communications between the three entities
(user, parking meter, parking payment system) will typically
be direct and will typically take place entirely over a cell
phone communications network. The primary embodiments
described herein will be provided in the context of a mesh
network, but it should be understood that the other means of
communications are also sufficient for the features described
herein.

[0066] InFIG. 1A, an embodiment of a single space park-
ing meter is designated generally by the reference numeral
10-1. The parking meter 10-1 includes a location housing 2, a
cash collection box 4, and a meter unit 6. The location hous-
ing 2 is fixedly attached to a pole 8 associated with a parking
space at a geographic location, with the cash collection box 4
and the meter unit 6 being received in the location housing.
The meter unit 6 is a removable meter unit that can be
replaced independently of other components of the meter
10-1 such as the housing 2 and cash collection box 4. The cash
collection box is also removable and can also be replaced
independently of the other meter components.

[0067] In FIG. 1B, another embodiment of a single space
parking meter is designated generally by the reference
numeral 10-2. The parking meter 10-2 includes the location
housing 2, the cash collection box 4, the meter unit 6, and an
auxiliary device 3-1 in the form of a tag. The cash collection
box 4, the meter unit 6, and the tag 3-1 are received within the
housing 2. The housing 2 is fixedly attached to the pole 8. The
tag 3-1 is permanently attached to an inner surface of the
housing 2. Attachment to an inner surface shields the tag from
the outside environment and helps prevent damage and van-
dalism to the tag. The cash collection box 4 and meter unit 6
are removable and replaceable. In the example shown in FIG.
1A, the tag 3-1 is connectable to the meter unit 6 by means of
a length of wire 5 and a plug-in connector 7 at the meter unit,
and can be powered by the meter unit (e.g., by a battery, solar
cell, or other power source associated with the meter unit).
The tag 3-1 is useful for associating the collection box 4 and
meter unit 6 with the location.

[0068] Referring to FIG. 1C, another embodiment of a
single space parking meter is designated generally by the
reference numeral 10-3. The parking meter 10-3 is similar to
the parking meter 10-2 of FIG. 1B except that the parking
meter 10-3 includes a wireless tag 3-2 and the meter unit 6-2
includes a wireless transceiver 9. The wireless tag 3-2 com-
municates wirelessly with the meter unit and can be, for
example, an RFID tag, a smart card, an ID token, or the like.
The wireless transceiver 9 receives information from the tag
3-2 and, for example, can be a radio transceiver that uses
WiFi, Bluetooth, WiMax, or other short range wireless radio
technology, in accordance with the wireless communication
channel used by the tag.

[0069] Insome embodiments, such as, for example, where
the tag 3-2 is an RFID and/or a smart card, the wireless tag 3-2
is powered by the signal transmitted by the transceiver 9. In
other embodiments, the wireless tag 3-2 can be powered by a
battery. Since the distance from the wireless transceiver 9 to
the tag 3-2 is relatively small, the power consumed by the
wireless transceiver 9 and/or the tag 3-2 can be very low, such
that a relatively small capacity battery that is compact pro-
vides sufficient power to the transceiver and/or tag for opera-
tion without need for hibernation or sleep modes. That is, the
transceiver 9 is always available to receive communications
and transmit data. In some embodiments and deployments,
the meters 10 can be powered by solar panels such as photo-
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voltaic structures, which can supplement or replace battery
power. The self-powered feature eliminates the need for
wired power connections from an electrical supply utility grid
to the meters.

[0070] The wireless transceiver 9 of the parking meter 10-3
could be an Infrared (IR) transceiver that emits an infrared
beam for data communication. In that case, the transceiver 9
is aligned with the tag 3-2 such that the infrared beam of the
transceiver is properly targeted at the tag 3-2.

[0071] Inoneembodiment, the wired tag 3-1 or the wireless
tag 3-2 is used to monitor the content of the cash collection
box 4, as will be explained further below. Each tag 3 has a
unique identifier that identifies the parking meter 10 with
which it is used, and that is associated with a unique physical
location where the parking meter is fixedly located, e.g., the
location of the pole 8 and the location housing 2.

[0072] The wireless transceiver 9 can be configured to
receive a signal from a parking sensor associated with the
physical location. For example, the signal from the parking
sensor can signal an arrival event at the location that is asso-
ciated with the tag 3 that is fixedly identified with the physical
location. Details of methods and apparatus for providing and
reporting the arrival event signal are discussed further below.
[0073] Preferably, the location housing 2 is configured to
permanently receive the tag 3. In the context of the present
description, permanently receiving the tag 3 means that the
tag is affixed to the location housing 2 such that the tag cannot
be removed without leaving clear physical evidence of its
removal from the location housing, and/or such that removal
makes the tag 3 inoperable. The tag 3 can be permanently
affixed with an adhesive glue, double sided tape, single sided
tape, soldering, and similar techniques that will be known to
those skilled in the art.

[0074] The embodiment of the location housing 2 in FIGS.
1A, 1B, and 1C is a clam-shell type of housing that is affixed
to the pole 8 and is configured to mate with a removable meter
unit 6. In other embodiments, however, the location housing
2 can be a cabinet or other enclosed space that is configured to
mate with one or more removable meter units, where the
removable meter units are configured to be mated in compart-
ments or sockets of the cabinet, such that each of the com-
partments is associated with a physical location that is not
necessarily at the same location as the cabinet or the compart-
ment. In other embodiments, the location housing can be
another type of receptacle fixedly placed and associated with
a physical location.

[0075] FIG. 2A is a functional block diagram of a remov-
able meter unit that can be used in the meter 10-1 of FIG. 1A
and is designated generally by reference numeral 6-1. The
removable meter unit 6-1 includes a radio transceiver 12, an
antenna 14, a control module 16, and a user interface 18
through which payment can be received. As indicated above,
the parking meter 10 is self-powered and, and as described
more fully below, communicates with a local data manager
via the radio transceiver 12 and operates under control of the
control module 16.

[0076] The control module 216 includes one or more pro-
cessors such as application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal pro-
cessing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
sors, controllers, micro-controllers, microprocessors, other
electronic units designed to perform the functions described
herein, and/or a combination thereof. The control module 16
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also includes one or more storage mediums. A storage
medium can include one or more memories for storing data,
including read only memory (ROM), random access memory
(RAM), magnetic RAM, core memory, magnetic disk storage
mediums, optical storage mediums, flash memory devices
and/or other machine readable mediums for storing informa-
tion.

[0077] Theuserinterface 18 provides a means for a location
user to interact with the meter unit 6-1 and can include, for
example, a display, one or more lights, and a keypad. The user
interface 18 can provide a payment interface including a
currency receiver for receiving coins and/or bills from a user
in payment for using the parking location, as well as a reader
for processing credit cards, debit cards, payment tokens, and
the like. The control module 16 is coupled to the user payment
interface and is configured to receive payment information
regarding the amount of a payment and/or card or token
information received at the payment interface. The control
module 16 communicates the payment information from the
user interface 18, via the radio transceiver 12, with the local
data manager. The one or more lights of the user interface 18
can be used as an indicator as to the payment status or, as
discussed further below, can be used to produce an indication
that a parking space that is associated with the location of the
meter 10 is occupied.

[0078] FIG. 2B shows functional block diagrams of an
exemplary removable meter unit 6-2 and a tag 3 that can be
used in meters such as the meters 10-2 and 10-3 of FIGS. 1B
and 1C. The meter unit 6-2 includes similar components to
the meter unit 6-1 in FIG. 2A, including the radio transceiver
12, the antenna 14, the control module 15, and the user inter-
face 18. In addition, the meter unit 6-2 also includes a short
range interface 11 by means of which it communicates with
the tag 3. The tag 3 has a short range interface 13, an ID
module 15, and an optional memory module 17 for storing
information regarding operating parameters including a pay-
ment collection history and/or configuration settings. Oper-
ating parameters that effect the configuration settings of the
removable meter unit can include such things as a parking
rate, a geographic location, parking rules, an amount of cur-
rency in a cash box and times when parking rates or rules
apply, and so forth. The meter unit 6-2 is linked to the tag 3 for
data communications by a link 37. In the case where the tag 3
is a wired tag 3-1, the link 37 is the wire 5. In the case where
the tag 3 is a wireless tag 3-2, the link 37 can be a radio link
or an optical link. In the case of a wireless tag 3-2, the short
range interfaces 11 and 13 can be any type of near-field
communication (NFC) devices such as, for example, RFID
devices, Bluetooth devices, WiFi devices, IR devices, smart
card devices, and the like.

[0079] Inone embodiment, the control module 16 commu-
nicates the payment information, via the link 37, to the short
range interface 13 of the tag 3. The short range interface 13
then updates the optional memory module 17 based on the
received payment information. The memory module 17 can
add the amount of currency indicated to have been received
by the received payment information to the stored amount. In
addition, the memory module 17 can also receive and store
transaction-time information including the date and time of
day that the payment was received.

[0080] The ID module 15 stores a unique identifier, e.g., a
serial number, that is associated with the tag 3. Preferably, the
unique identifier of the tag 3 and the value stored in the
memory module 17 are externally readable via the short range
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interface 13. The identifier of the tag 3 and value stored in the
memory module 17 may be read, for example, by a suitable
reader (not illustrated). If the short range interface 13 is an
RFID module, then the reader could be an RFID reader. Other
types of readers that can be used depend on the configuration
of the tag and module, but can include devices such as IR
readers, smart card readers (contact or non-contact), plug-in
readers, and the like. In this way, periodic downloading of the
value stored in the memory module 17 and the identifier of the
associated tag 3 can be performed in order to monitor how
much cash should be in the cash collection box 4 (FIG. 1).
This downloaded cash value can then be used to catch a thief
that is pocketing some of the cash.

[0081] Inone embodiment, the payment collection history
information stored in the memory module 17 can be exter-
nally reset to zero whenever the cash collection box 4 is
emptied or replaced. In one aspect of this embodiment, the
removable meter unit 6-2 automatically detects when the cash
collection box 4 is removed. This can be accomplished using
a sensor such as a motion sensor, an IR sensor, a magnetic
field sensor, or the like.

[0082] When the removable meter unit 6-2 detects that the
cash collection box 4 is removed, the short range interface 11
of'the removable meter unit 6-2 communicates a signal to the
short range interface 13 of the tag 3. In response to the signal
indicating removal of the cash collection box 4, the short
range interface 13 of the tag 3 resets the payment collection
history stored in the memory module 17 to indicate no col-
lection history and, preferably, stores the total amount of
currency collected since the last cash collection box removal
in the memory module 17. In another aspect of this embodi-
ment, the tag 3 is configured to detect the removal of the cash
storage box 4 and to autonomously reset the payment history
and store the total amount of currency collected into the
memory module 17.

[0083] Referring to FIG. 3, a parking meter system that
uses a number of the parking meters of FIGS. 1A, 1B and/or
1C is designated generally by the reference numeral 20. The
system 20 utilizes a number of the parking meters 10. In
general, the system includes one parking meter 10 for each
parking space. The parking meters 10 can be, for example,
any of the parking meters 10-1, 10-2, or 10-3 shown in FIGS.
1A, 1B, and 1C, respectively, that include the removable
meter unit 6 with the radio transceiver 12. The parking meters
10 are operated according to groups, such that a predeter-
mined number of parking meters 10 comprise group members
and each group includes a local data manager 22. Thus, each
group of parking meters 10 and its associated local data
manager 22 form alocal group 24. In FIG. 3, each operational
group is indicated by a dashed line. In one embodiment, there
are approximately thirty parking meters 10 in each local
group 24. For simplicity of illustration, not all the parking
meters 10 are shown in the local groups 24 illustrated in F1G.
3. The local data manager 22 can perform management tasks
associated with maintaining the parking meters 10 in proper
operational condition, in addition to performing communica-
tions with all of the group members. The local data manager
will generally require resources greater than required by the
parking meters to perform their respective functions.

[0084] Each of the local data managers 22 communicates
with a central data manager 26. In the example system 20 this
is effected by means of a cellular telephone network, with
each local data manager 22 and the central data manager 26
being connected to a base station 28 of the cellular telephone
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network. Data links are thereby established between the local
data managers 22 and the central data manager 26. The central
data manager 26 can perform management tasks associated
with maintaining the local data managers 22 in proper opera-
tional condition and managing operations of the system. The
central data manager will generally require resources greater
than required by the local data managers to perform their
respective functions. If desired, one of the local data manag-
ers can be operated as, and perform the functions of, the
central data manager. It should be apparent that a local data
manager performing the functions of a central data manager
must have sufficient resources to perform such functions. In
FIG. 3, the central data manager 26 is generally indicated by
dashed lines. Although only three local groups 24 are shown
in FIG. 3, it should be understood that there can be more or
fewer of the local groups 24.

[0085] Each local data manager 22 has a modem 30, a
control device 32, a memory 34, and a radio transceiver 36
with an antenna 38. As indicated above, each local data man-
ager 22 communicates with the parking meters 10 in its local
group 24 via its radio transceiver 36 and the radio transceiver
12 of the parking meter 10. The local data managers 22 may
do so directly, or indirectly via another parking meter 10 as
indicated with parking meters 10-4 and 10-5 in FIG. 3.
[0086] The memory 34 of a data manager 22 can include
one or more memories for storing data, including read only
memory (ROM), random access memory (RAM), magnetic
RAM, core memory, magnetic disk storage mediums, optical
storage mediums, flash memory devices and/or other
machine readable mediums for storing information. The
memory 34 stores the payment collection history information
received from the parking meters 10 in the local group 60. The
payment collection history information stored in the memory
34 is communicated to the central data manager 26 via the
modem 30, the base station 28 and any intervening networks
such as, for example, the Internet.

[0087] The control device 32 comprises one or more pro-
cessors coupled to the memory 34 and configured to control
the functions associated with the radio transceiver 36 and the
modem 30. The processor can include one or more of appli-
cation specific integrated circuits (ASICs), digital signal pro-
cessors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, micro-control-
lers, microprocessors, other electronic units designed to per-
form the functions described herein, and/or a combination
thereof.

[0088] Alternatively to communicating with a local data
manager 22, some embodiments can provide the parking
meter 10 with a radio interface 12 that communicates with the
central data manager 26 rather than through a local data
manager. In these embodiments, the radio transceiver 12 can
comprise a cellular telephone transceiver, a MAN transceiver,
a satellite transceiver, or other type of transceiver that com-
municates over a network to the central data manager 26
without using an intermediary (local) data manager.

[0089] The central data manager 26 has a controller 40 with
amodem and a database store 42. It also has a communication
module for communicating with financial institutions (not
shown) to obtain authorization for credit or debit card pay-
ments and payment. The modem of the central data manager
26 can be any modem configured to communicate over a
network such as the Internet. In one embodiment, the data
store 42 includes a database that stores tag IDs and/or parking
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sensor IDs and associates the IDs with the unique physical
locations and the removable meter unit IDs in order to store
the payment collection histories as discussed above.

[0090] In a typical implementation, the transceivers 12 of
the removable meter units 6 and the transceivers 36 of the
local data mangers 22 have a power rating of about 1 mW and
have a useful range of about 80 meters. Thus, each local group
24 can extend over an area having a radius of approximately
80 meters. Such a configuration is easily achievable with
currently available technology. Alternative configurations
may be suitable with other operating ranges and technologies.
[0091] In use, if a person wishing to park at a space asso-
ciated with a parking meter as described herein wants to pay
for parking time by means of a credit card or debit card or
other payment token, the relevant information is read by a
reader of the parking meter and is transmitted to the central
data manager 26 via the relevant local data manager 22. The
central data manager 26 obtains authorization and communi-
cates the authorization back to the appropriate parking meter
10 via the relevant local data manager 22. Status reports, fault
reporting, and/or configuration and software updates, may be
communicated between the parking meters 10, the local data
manager 22, and/or the central data manager 26.

[0092] In one embodiment where the parking meter 10-4
communicates with one or more other intermediate parking
meters 10-5, and the intermediate parking meter 10-5 in turn
communicates with the local data manger 22, the parking
meters 10-4 and 10-5 communicate using a mesh network
protocol. Mesh network protocols can be provided by several
conventional protocols including Bluetooth, WiFi, and 802-
15 (e.g., 802.15.4 commonly referred to as WPAN (Wireless
Personal Area Network) including Dust, ArchRock, and Zig-
Bee).

[0093] Referring to FIG. 4, an example of a local group
24-1 of parking meters 10 that can be monitored by the
parking meter system 20 of FIG. 3 is shown. The local group
24-1 includes eight parking meters 10, but other numbers of
parking meters 10 could be included in the local group 24-1.
Each parking meter 10 is fixedly located at and associated
with a parking space 50. The parking spaces 50 are angled
parking spaces that could be located in a parking lot or on a
street, for example. Other arrangements of parking spaces are
suitable, such as parallel spaces, and will occur to those
skilled in the art.

[0094] The parking meters 10 each include a removable
meter unit 6, such as the removable meter units 6-1 and 6-2
illustrated in FIGS. 2A and 2B, that include a radio trans-
ceiver 12. The eight parking meters 10 communicate, via the
radio transceiver 12, with the antenna 38 and the radio trans-
ceiver 36 of the local data manager 22. The parking meters 10
can communicate directly with the local data manager 22, as
illustrated by connections 62, or indirectly (e.g., using a mesh
network) via one of the other parking meters 10, as illustrated
by connection 64 between parking meters 10-4 and 10-5. As
discussed above, the removable meter units communicate
information to the local data manager 22, the information
including tag IDs, parking sensor 1Ds, removable meter unit
IDs, payment collection information including currency
received and credit/debit card information.

[0095] Each of the parking spaces 50 has an associated
parking sensor that detects when a vehicle is parked in the
parking space 50. Each of the parking spaces 50 in the local
group 24-1 is shown with three parking sensors 51, 52, and
53. Typically, a single parking space 50 only has one parking
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sensor, it should be understood that the example shown in
FIG. 4 shows three possible locations for purposes of illus-
tration.

[0096] The parking sensors 51, 52, and 53 can be any of
various sensors to detect occupancy (and vacating) of the
physical location associated with the space 50, including
magnetic field sensors, motion sensors, contact sensors, and
the like. The parking sensors 51 and 52 are located away from
the parking meters 10 whereas a sensor such as the parking
sensor 53 is co-located with one of the parking meters 10.
Preferably, each of the remote parking sensors 51 and 52
includes a short range wireless interface that is configured to
communicate with the short range interface 11 of the parking
meters 10, as illustrated by the connections 54 and 56 in F1G.
4. Alternatively, the remote parking sensors 51 and 52 could
be connected via a wire to one of the parking meters 10. The
co-located parking sensors 53 could be connected via a wired
or wireless connection to the parking meter 10 with which
each is co-located (e.g., using similar connections as the tag
connection 37 discussed above).

[0097] The parking sensor 51 could be, for example a mag-
netic field sensor that is affected by the presence of a large
metallic object such as a vehicle. The parking sensor 51 could
also be a motion sensor that is triggered by motion of'a vehicle
or a contact sensor (including sensors such as an accelerom-
eter or inclinometer) that is triggered by the weight of a
vehicle. The location of the parking sensor 51 as depicted in
FIG. 4 is only an example. Those skilled in the art will
understand that other locations could also be suitable. The
parking sensors 51 are sufficiently sensitive to detect a vehicle
that is present in the parking space 50 with which the particu-
lar parking sensor 51 is uniquely associated, but are not so
sensitive that they produce a “false positive” signal, such as if
they mistakenly determine that a vehicle in a neighboring
parking space is parked in the parking space 50 that is
uniquely associated with the particular parking sensor 51 and
parking meter 10.

[0098] The parking sensors 52 are located at the base of
each parking meter 10. For example, a sensor 52 could be
located at the bottom of the support pole 8 for a meter (see
FIG. 1). This location has the advantage of being close to the
parking meter 10, thereby affording a short transmission dis-
tance and low power consumption for communications. In
addition, with a base location, the parking sensor 52 will not
be blocked by the presence of a vehicle in the associated
parking space, as would be the case if the parking sensor 51
were located in the middle of the parking space 50. The
parking sensors 52 detect the presence of a vehicle in the
associated space and can be sensors such as magnetic sensors,
motion sensors, or contact sensors.

[0099] The co-located sensors 53 could also be magnetic
sensors, motion sensors, or contact sensors. In the case of
contact sensors, the parking sensor 53 could simply be a
button that a person manually interacts with, thereby alerting
the meter 10 that the associated parking space is occupied.
[0100] The remote parking sensors 51 and 52 can be pow-
ered by an internal battery. The typical transmission distances
are relatively small, so the battery lifetime with currently
available technology can be on the order of months or even
years. Alternatively, the remote parking sensors 51 and 52
could be powered by the meter 10 (e.g., via battery or solar
cell contained in the meter 10) if they are connected via a
wire. The co-located parking sensor 53 can be powered by a
power source at the meter 10 (e.g., a battery or solar cell).
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[0101] In some embodiments, the vehicle sensors 51, 52
and 53 can sense an identifier associated with the vehicle that
is parking at a meter 10. The vehicle identifier may be a
license plate number that is optically detected. The vehicle
identifier may be contained in an RFID tag, or other type of
tag that can communicate with the sensor using NFC, that is
attached to the vehicle. An RFID tag on the vehicle could be
activated by any one of the sensors 51, 52 or 53 that is located
on the meter, on the curb, or in the street in the parking space,
respectively. The parking sensor 51, 52, or 53 can wirelessly
communicate the vehicle identifier to the meter 10. The
vehicle identifier may be stored at the data manager and
linked with a user identifier (e.g., a RFID tag identification
number), the credit/debit card, phone information and/or
email information of the registered user.

[0102] Regardless of which type of sensors are used, the
parking sensors 51, 52, 53 are configured to transmit an
indication of an arrival event to one of the meters 10 that is
uniquely associated with the parking space 50 where the
parking sensor is located. In an alternative embodiment, the
parking sensors 51,52, 53 could transmit to any of the parking
meters 10, as illustrated by the multicast connections 58. In
this embodiment, the local group 24-1 could employ a mesh
network protocol. In such a configuration, the parking meters
10 that receive the transmission from another sensor will
forward the arrival event notification to the local data man-
ager 22.

[0103] Each of the parking sensors 51, 52, 53 has an ID,
e.g., a serial number, that is transmitted with the arrival event
indication to the parking meters 10. The local data manager
22, or alternatively the central data manager 26, maintains a
data base that associates the parking sensor IDs with tag IDs,
meter IDs, and location information. This database is used to
keep track of which locations are occupied and to keep track
of the currency collected and handling credit or debit card
transactions associated with each location (space).

[0104] In the embodiment shown in FIG. 4, the local data
manager 22 uses the modem 30 to communicate with the
central data manager 26 via the Internet 60. It should be
understood that “modem” as used herein refers to any device
that provides a communications interface between the local
data manager and the network. The information communi-
cated to the central data manager 26 includes tag IDs, remov-
able meter unit IDs, arrival event indication reports, alerts
regarding failure to receive payment subsequent to detecting
an arrival event, and payment collection information includ-
ing currency received and credit/debit card information.
[0105] Referring to FIG. 5, another example of a local
group 24-2 of parking meters 10 that can be monitored by the
parking meter system 20 of FIG. 3 is shown. The local group
24-2 includes eight parking meters 10, but other numbers of
parking meters 10 could be included in the local group 24-2.
Each parking meter 10 is fixedly located at and associated
with a parking space 50 (only four of the eight parking spaces
50 are shown). The parking spaces 50 are parallel parking
spaces that can be located on a street, for example.

[0106] The parking meters 10 each include a removable
meter unit 6, such as the removable meter units 6-1 and 6-2
illustrated in FIGS. 2A and 2B, that include a radio trans-
ceiver 12. The eight parking meters 10 communicate, via the
network transceiver 12 with the antenna 38 and the radio
transceiver 36 of the local data manager 22. The parking
meters 10 can communicate directly with the local data man-
ager 22, as illustrated by connections 62, or indirectly (e.g.,
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using a mesh network) via one of the other parking meters 10,
as illustrated by connection 64 between parking meters 10-4
and 10-5. As discussed above, the removable meter units
communicate information to the local data manager 22 which
then communicates the information to the central data man-
ager 26, e.g. via the modem 30 and the Internet 60. The
information communicated to the central data manager 26
includes tag IDs, removable meter unit IDs, arrival event
indication reports, alerts regarding failure to receive payment
subsequent to detecting an arrival event, and payment collec-
tion information including currency received and credit/debit
card information.

[0107] The location of the parking sensors 51 in the local
group 24-2 is illustrated as being in the street at the edge of the
respective parking spaces 50. This sensor location ensures
that the sensor transmission signals will not be blocked by a
vehicle parked in the parking space 50. In one embodiment,
the parking sensors 51-53 transmit to any of the parking
meters 10 utilizing a mesh network protocol, as illustrated by
the connections 58.

[0108] In one embodiment, the parking sensors 51, 52, 53
use shielding in order to detect an arrival event when a vehicle
enters the associated parking space 50 and to avoid a false
arrival event detection, e.g. due to vehicle traffic in the street
or parking lot where the parking space 50 is located. The
shielding can include physical shielding that prevents detec-
tion in one or more directions. For example, the parking
sensors 51 in FIG. 5 could be shielded from detecting vehicles
in the street. The shielding can also be implemented in soft-
ware where signals emanating from one or more directions
are not considered indicative of an arrival event.

[0109] Referring to FIG. 6, a flowchart of an embodiment
of'a process 600 for automatic location reporting performed
by a meter such as the parking meters 10 of FIGS. 1A, 1B,
and/or 1C in the system of FIG. 3 is illustrated. In one
embodiment, where a removable meter unit 6 is contained in
a housing 2 that includes a tag 3, e.g., the removable meter
unit 6-2 and tag unit 3 illustrated in FIG. 2B, the process 600
starts at block 602 where the short range interface 11 of the
meter unit 6-2 receives a data signal including tag information
from the tag 3. The tag information includes a tag ID that is
uniquely identified with the location where the tag is perma-
nently attached.

[0110] Uponreceiving the tag information atthe block 602,
the process 600 continues at block 604 where the radio trans-
ceiver 12 transmits the tag information and a meter ID to the
a data manager such as the local data manager 22 or the
central data manager 26. The data manager can then associate
the meter ID with the tag ID which is associated with the
location where the tag is fixedly located. The receiving and
transmit steps 602 and 604 can be performed when the remov-
able meter unit 6-2 is first inserted in the housing 2. The
blocks 602 and 604 are optional in that they are omitted if the
housing 2 does not contain a tag 3. The optional nature of
these operations 602, 604 is indicated in FIG. 6 by dashed
lines for these two blocks.

[0111] At block 606, the short range interface 11 receives
an indication of an arrival event at the location, e.g., a parking
space 50, that is associated with the parking meter. In one
embodiment, the indication of the arrival event is a signal
received from a parking sensor such as one of the parking
sensors 51-53 illustrated in FIGS. 4 and 5. In another embodi-
ment, the indication of the arrival event is a manually initiated
interaction with the user interface 18 of the removable meter
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unit 6. For example, a person inserting a coin, bill or credit/
debit card into the removable meter unit 6 or pushing a button
of the user interface 18 thereby triggering the receipt of the
indication of the arrival event at the block 606.

[0112] The arrival event can also be a vehicle leaving the
parking space 10 at the location of the meter 10. Upon detect-
ing that a vehicle has departed a parking space 50, the parking
sensor transmits a data signal indicating that the parking
space 50 is unoccupied. In one embodiment, the control mod-
ule 16 of the meter 10 is configured to zero out the paid time
period in response to receiving the data signal indicating that
a vehicle has left leaving the parking space 50 unoccupied.
[0113] Upon receiving the indication of the arrival event at
the block 606, the process 600 continues to block 608 where
the meter produces an occupancy indication in response to the
arrival event at the location with which the meter is associ-
ated. The occupancy indication can be a flashing light of the
user interface 18. The occupancy indication could also be an
alert signal transmitted to the data manager including an ID
associated with the parking sensor and/or tag that is associ-
ated with the parking space at the location. In one embodi-
ment, the color of the light is one color if the arrival event
resulted from a vehicle entering the parking space 50 and
another color if the arrival event resulted from a vehicle
exiting the parking space 50.

[0114] Theoccupancy indication produced at the block 608
serves as a notification to external parties (e.g., data manag-
ers, parking attendants, the person that parked in the parking
space 50, etc.) that a parking fee payment should be received
imminently. The process 600 includes a decision block 610
where the control module 16 determines if a payment has
been received within a time period after the arrival event
indication signal was received at the block 610. The time
period could be, for example, on the order of one to two
minutes. If at the block 610 it is determined that a payment
was not received within the time period, the process 600
continues to block 612 where the control module 16 generates
alocation report indicating an alert signal. The location report
indicating the alert signal includes an alert notification and
information associated with the location where the arrival
event was detected. The information associated with the loca-
tion is either the tag ID, if the meter 10 includes a tag 3, or the
parking sensor ID or the meter ID.

[0115] If at the block 610 it is determined that a payment
was received within the time period, the process 600 contin-
ues to block 614 where the control module 16 generates a
location report indicating a received payment at the meter 10.
The location report indicating the received payment can
include an amount of currency received at the meter 10 or
credit/debit card or payment token information. In addition,
the location report indicating the received payment includes a
tag ID, a parking sensor ID or a meter ID, any of which can be
used to identify the location where the arrival event occurred.
[0116] Upon generating either of the location reports at the
blocks 612 or 614, the process 600 continues to block 616
where the radio transceiver 12 transmits the location report to
the data manager. The data manager can be either the local
data manager 22 or the central data manager 26 or both,
depending on the embodiment.

[0117] Upon receiving payment at the meter 10, a prede-
termined amount of parking time is provided. The parking
time may be counted down locally at the meter and can be
alternatively or additionally tracked at a local and/or central
data manager. If the parking time lapses, the process 600
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continues to block 618, where the control module 16 gener-
ates another location report indicating an alert signal. This
location report and alert signal contains information indicat-
ing that the paid time period has lapsed and also contains a tag
1D, a parking sensor ID, and/or a meter ID that can be used to
identify the location where the lapsed time period occurred.

[0118] Upon generating the location report at the block
618, the process 600 continues to block 620, where the radio
transceiver 12 transmits the location report to the data man-
ager. Again, the data manager can be either the local data
manager 22 or the central data manager 26 or both.

[0119] The functions at the blocks 602-620 of the process
600 continue as needed, depending on the events that occur
(e.g., whether the removable meter unit 6 is replace, whether
an arrival event occurs or whether alert events occur). It
should be noted that the functions of the blocks 602 to 620 of
the process 600 can be combined, rearranged or omitted. The
operations depicted in FIG. 6 can be carried out by the control
modules of the various devices described herein, in accor-
dance with the description.

[0120] Referring to FIG. 7, a flowchart of an embodiment
of a process 700 for operating a meter such as the parking
meters 10 of FIGS. 1A, 1B and/or 1C in the system of FIG. 3
is illustrated. The process 700 is an embodiment of a process
of operating a meter 10 to receive configuration updates and/
or to report meter operating data. Preferably, the meter 10
includes a radio transceiver 12 that is awake continuously to
monitor for messages received from other meters 10 or the
local data manager 22 of a local group 24. It is also preferable
that the local group 24 utilizes a low power LAN. In this way,
the meters 10 can continuously monitor for messages and not
significantly deplete a self contained power source such as a
battery with a solar cell backup. Higher power radio trans-
ceivers such as cellular transceivers wake up only occasion-
ally to receive messages or wake up when a user interacts with
the meter 10. By monitoring for messages continuously, the
meter 10 can be assured of receive a message that is initiating
a communication session such as a configuration update or a
parking arrival notification.

[0121] The process 700 starts at block 702 where the radio
transceiver 12 monitors the LAN to identify a message
directed to the meter 10. The message can be from another
meter 10 or from the data manager 22. The message is an
initial message in a communication session. As used herein, a
communication session is a finite series of messages that are
performed to complete a task. The messages of a communi-
cation session are exchanged between the meter 10 and one or
more other remote devices, e.g., the data manager 22, a park-
ing sensor and/or another meter 10. The task associated with
a communication session can be, for example, updating
operational parameters of the meter 10, updating firmware of
the meter 10, reporting an arrival event (see process 600 in
FIG. 6) or performing a remote payment authorization for a
non-cash payment (e.g., a payment authorization that was
processed remote to the meter 10 in response to a payment
authorization request initiated by another remote device such
as a cell phone using a credit card, smart card and/or debit
card). The initial message identified at block 702 includes
information indicating what the task associated with the com-
munication session entails. In some embodiments, the initial
message also includes other information related to the task
such as, for example, operational parameters (e.g., a parking
rate, a geographic location, parking rules, an amount of cur-
rency in a cash box or times when parking rates or rules
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apply), firmware, parking sensor identification, remote pay-
ment authorization information, etc.

[0122] Notall messages thatthe meter 10 identifies at block
702 are directed to the meter 10 that is performing the process
700. The messages received at block 702 can be directed to
other meters 10 or to the data manager 22. The messages
identified at block 702 include an addressee field that indi-
cates the meter 10 or data manager to which the message is
directed. In a mesh network, the messages received at a meter
that are directed to other meters 10 or the data manager 22 can
be forwarded on by the meter 10 performing the process 700.
As described below, such forwarding operations can be
included in the “NO” outcome processing of the decision box
704.

[0123] Upon identifying a message at block 702, the pro-
cess 700 continues to block 704, where the control module 16
determines if the addressee of the message is the meter 10
performing the process 700. If it is determined that the mes-
sage is not directed to the meter 10 performing the process
700, the process 700 returns to block 702 (with optional
forwarding operation). If it is determined the message is
directed to the meter 10 performing the process 700, the
process 700 continues to block 706 where the radio trans-
ceiver 12 establishes the communication session with the data
manager 22. Establishing the communication session at block
706 includes transmitting an acknowledgement message to
the data manager 22. The acknowledgement message con-
tains information identifying the initial message (e.g., a mes-
sage serial number) that was received at the block 702. The
acknowledgement message can also include other informa-
tion relevant to the task associated with the communication
session.

[0124] Upon establishing the communication session at
block 706, the process continues to block 708, where the radio
transceiver 12 receives configuration information from the
data manager 22. The configuration information is associated
with the operation of the meter 10. The configuration infor-
mation is also uniquely associated with the location of the
meter 10. The type of configuration information received at
the block 708 depends on the task being performed in the
communication session. For example, in the case of a remote
payment authorization, the received configuration informa-
tion includes an amount of time for which payment has been
authorized and which will be displayed on the user interface
18 of the meter. In the case of a firmware and/or operating
software update, the configuration information includes the
updated firmware and/or operating software to be stored in a
memory of the meter 10. In the case of updated operational
parameters, the configuration information may include oper-
ating parameters such as, for example, a parking rate for the
meter 10, a geographic location, parking rules such as maxi-
mum terms or meter resetting rules, an amount of currency in
a cash box of the meter, and times when different parking
rates or rules apply. As with other configuration information,
the operating parameters received at block 708 are stored in
memory of the meter 10. Additionally, the configuration
information can include information used to change the dis-
play information on the display of the meter 10, information
used to change the way lights (e.g., expiration indicating
lights) operate, and updated coin validation criteria (e.g.,
criteria that allows acceptance of new coins or tokens or
modifies validation algorithms to identify invalid coins or
slugs known to cause problems).
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[0125] At block 710, the radio transceiver 12 transmits
meter operating data to the data manager 22. The type of
meter operating data transmitted at block 710 depends on the
task being performed in the communication session. The
transmitted meter operating data can include a payment
authorization request, a report of payment received at the
meter, location reports as discussed in reference to FIG. 6, or
tag information. The meter operating data can also include an
acknowledgement that the meter 10 received the configura-
tion information at block 708.

[0126] At block 712, the control module 16 determines if
the communication session is over, or completed. The com-
munication session is over when the task associated with the
communication session is completed. If it is determined that
the communication session is over, the functions at the blocks
702-712 of the process 700 continue as needed, depending on
the events that occur (e.g., whether an initial message directed
to the meter 10 is received at block 702). If it is determined at
block 712 that the communication session is not over, the
process 700 returns to perform the functions at blocks 708-
712 until the communication session is completed. It should
be noted that the functions of the blocks 702-712 of the
process 700 can be combined, rearranged or omitted. The
operations depicted in FIG. 7 can be carried out by the control
modules of the various devices described herein, in accor-
dance with the description.

[0127] Referring to FIG. 8, a flowchart of an embodiment
of a process 800 for operating a meter such as the parking
meters 10 of FIGS. 1A, 1B and/or 1C in the system of FIG. 3
is illustrated. The process 800 is an embodiment of a process
performed by the data manager 22 for purposes of causing a
meter 10 to receive configuration updates and/or receive
meter operating data from the meter 10. Similarly to the
process 700, it is preferable that the meter 10 includes a radio
transceiver 12 that is awake continuously to monitor for mes-
sages received from other meters 10 or the local data manager
22 of alocal group 24. It is also preferable that the local group
24 utilizes a low power LAN.

[0128] The process 800 starts at block 802 where the radio
transceiver 36 or the modem 30 receives information from the
central manager 26, one of the meters 10 and/or from a remote
device such as a cell phone. The information received at the
block 802 can be an authorization of payment that was pro-
cessed remotely from the meters 10, updated firmware for one
of'the meters 10 or updated operational parameters for one of
the meters 10.

[0129] Upon receiving the information at block 802, the
process 800 continues at block 804, where the control module
32 determines if a communication session with one of the
meters 10 should be initiated. If it is determined that a com-
munication session is not needed, the process 800 returns to
block 802. If it is determined that a communication session is
needed, the process 800 continues to block 806, where the
radio transceiver 36 transmits an initial message of the com-
munication session toward one or more of the meters 10. The
initial message transmitted at block 806 includes information
indicating what the task associated with the communication
session entails. In some embodiments, the initial message
also includes other information related to the task such as, for
example, operational parameters (e.g., a parking rate, a geo-
graphic location, parking rules, an amount of currency in a
cash box or times when parking rates or rules apply), firm-
ware, parking sensor identification, remote payment authori-
zation information, and the like. Thus, changes in any ofthese
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values can be efficiently communicated to the parking meters.
The initial message transmitted at block 806 also includes an
addressee field that indicates the meter(s) 10 to which the
initial message is directed. In a mesh network, the initial
message can be received by any of the meters 10, and the
meter 10 that receives the message can forward the message
to the meter 10 to which the initial message is directed.
[0130] The communication session is established at block
806 when the meter 10 to which the initial message was
directed responds with an acknowledgement message. Upon
the communication session being established, the process
800 continues at block 808, where the radio transceiver 36
transmits configuration information to the meter 10. The con-
figuration information is associated with the operation of the
meter 10. The configuration information is also uniquely
associated with the location of the meter 10. The configura-
tion information can include any of the types of configuration
information discussed above in reference to block 708 of F1G.
7.

[0131] Atblock 810, the radio transceiver 36 receives meter
operating data from the meter 10. The type of meter operating
data transmitted at block 810 depends on the task being per-
formed in the communication session. The meter operating
data can include a payment authorization request, a report of
payment received at the meter, location reports as discussed
in reference to FIG. 6 or tag information. The meter operating
data can also include an acknowledgement that the meter 10
received the configuration information at block 808.

[0132] At block 812, the control module 32 determines if
the communication session is over. The communication ses-
sion is over when the task associated with the communication
session is completed. If'it is determined that the communica-
tion session is over, the functions at the blocks 802-812 ofthe
process 800 continue as needed, depending on the events that
occur. Ifitis determined at block 812 that the communication
session is not completed, the process 800 returns to perform
the functions at blocks 808-812 until the communication
session is completed. It should be noted that the functions of
the blocks 802-812 of the process 800 can be combined,
rearranged or omitted. The operations depicted in FIG. 8 can
be carried out by the control modules of the various devices
described herein, in accordance with the description.

[0133] Referring to FIG. 9, a parking meter management
system 900 for monitoring and updating a parking meter
system includes a central management server 910. The cen-
tral management server 910 can be located at the central data
manager 26 illustrated in FIG. 3. The central management
server 910 includes a processor 925, memory 930, a radio
transceiver 935, a parking management module 940 and a
modem 945. The central management server 910 executes
software programming that provides the functionality
described herein to perform the parking meter management
tasks for reporting and maintenance. The parking manage-
ment module 940 provides an interactive system that allows
an end user 920 having an end user system 915 (e.g., a
personal computer, a PDA, a smart phone, etc.) to program a
set of parking meters. The end user system 915 connects to the
parking management server 910 via the internet, for example.
[0134] The parking management system 900 also includes
one or more local groups 24 that include a local data manager
24 and multiple meters 10. The radio transceiver 935 and/or
the modem 945 communicates with the local data manager 22
either directly, or via the base station 28. Alternatively, the
radio transceiver 935 can communicate directly with the
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meters 10. The radio transceiver 935 and/or the modem 945 is
used to transmit information to the local group 24 and receive
information from the local group 24.

[0135] The end user 920 interacts with the central manage-
ment server 910 via a network such as the Internet 60 to
program and/or monitor the meters 10 of the local group 24
using the interactive system provided by the parking manage-
ment module 940. The parking management module 940
communicates information to and from the local group 24 via
the radio transceiver 935 and/or the modem 945. The radio
transceiver 935 can comprise a cellular telephone transceiver,
a MAN transceiver, a satellite transceiver, or other type of
transceiver that communicates over a wireless network to the
local data manager 22. The modem 945 can also communi-
cate via the Internet 60 to the local data manager 22.

[0136] The parking management module 940 presents the
end user 920 with a set of web pages or user interface screens
that the end user navigates through in order to monitor and
program the meters 10 and/or the data manager 22 of the local
group 24. The end user 920 can be a city employee, for
example. Interacting with the user interface screens of the
parking management module 940, the end user 920 can moni-
tor the currency collected, credit card transactions, status of
the meters 10, occupancy states of the parking spots, etc. In
addition, the end user 920 can change the configuration of the
meters 10 either individually or as a group.

[0137] As noted above, the central management server 910
can include a processor 925 and memory 930. The parking
management module 940 can be provided as software pro-
gramming that is executed by the processor to perform the
data management and maintenance operations described
herein. A user of the central management server can provide
input via user input devices such as keyboards and computer
mice and can receive output such as systems messages and
reports via user output devices such as displays and the like.
Additional details of the central management server 910 are
described below.

[0138] FIGS. 10A and 10B show examples of user interface
screens regarding meter locations generated by the parking
management system 900 of FIG. 9. The user interface screens
can be displayed, for example, on user output devices of the
central management server 910. FIG. 10A is aroad map view
showing locations of parking meters. FIG. 10B is a “bird’s
eye view” from a satellite photograph. The meters are illus-
trated at their actual geographic locations by icons. The end
user 920 can position the computer mouse cursor over one of
the icons and obtain information regarding the status of the
individual meter 10. For example, the amount of money col-
lected in the cash box can be displayed.

[0139] FIGS. 11A and 11B show examples of user interface
screens regarding financial data generated by the parking
management system 900 of FIG. 9. The user interface screens
can be displayed, for example, on user output devices of the
central management server. The screen illustrated in FIG.
11A shows monthly statistics for a group of meters, e.g., a
local group 24. The financial data presented to the end user
920 includes cash amounts, credit amounts, total revenue,
number of transactions as well as statistical data including
cash per meter (pole), credit per meter, etc. FIG. 11B shows a
summary of cash and credit collected for all the meters of a
geographic area. The area that FIG. 11B represents can be
various levels, such as city level, street level, zip code, etc.
[0140] FIG. 12 shows an example of a user interface screen
regarding credit card transactions generated by the parking
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management system 900 of FIG. 9. The information in FIG.
12 includes transaction date, transaction reference number,
machine reference, last four digits of a credit card, card
scheme and transaction amount.

[0141] FIGS.13A and 13B show examples of user interface
screens regarding coin collection data generated by the park-
ing meter management system 900 of F1G. 9. The information
in these screens include the number of each type of coin
collected and the total amount of currency collected for each
meter. In this way, the end user 920 can keep track of how
much money should be collected when the cash box ofa given
meter is collected. When coins are collected from a meter 10,
the person collecting the currency inserts an identification
card into the meter 10 to signal to the meter 10 that the cash
box is being emptied. The meter 10 then resets the coin count
to zero and transmits the coin collection information back to
the central management server 910.

[0142] FIG. 14 shows an example of a user interface screen
regarding battery voltage data generated by the parking meter
management system 900 of FIG. 9. The voltage level is used
to indicate the health of the battery. When a voltage level falls
below a healthy (operational) threshold level, the voltage is
displayed in red in order to alert the end user 920 that a new
battery should be installed at the meter 10.

[0143] FIG. 15 shows an example of a user interface screen
regarding terminal events at a meter 10 generated by the
parking meter management system 900 of FIG. 9. Terminal
events include fault states of the meter 10 including, for
example, coin path blockages and jammed credit card read-
ers. This information allows the end user to identify problem
areas and alert law enforcement officers to better monitor the
problem areas to reduce vandalism.

[0144] FIGS. 16A, 16B, and 16C show examples of user
interface screens regarding meter configuration information
generated by the parking meter management system 900 of
FIG. 9. The end user 920 can program individual meters or
groups of meters using the screens of FIGS. 16A, 16B, 16C.
The configuration information includes parking rates, park-
ing time limits, parking rules and meter display messages.
The display messages include four lines of text to allow the
end user 920 to cause the meter display to display any mes-
sage such as, for example, No Parking, Tow Away, allowable
parking times, and the like. The user interface screens illus-
trated above in FIGS. 10-16 can be displayed, for example, on
user output devices of the central management server 910.

[0145] Referring to FIG. 17, a flowchart of an embodiment
of'a process 950 for operating a meter with the parking meter
management system 900 is illustrated. The process 950 is an
embodiment of a process performed by the central manage-
ment server 910 for enabling an end user 920 to reconfigure a
meter 10 including providing updated configuration informa-
tion and for retrieving meter operating data. Similarly to the
processes 700 and 800, it is preferable that the meter 10
includes a radio transceiver 12 that is awake continuously to
monitor for messages received from other meters 10 or the
local data manager 22 of'a local group 24. It is also preferable
that the local group 24 utilizes a low power LAN.

[0146] The process 950 starts at block 952 where the radio
transceiver 935 or the modem 945 communicates user inter-
face screen data to a computer of the end user 920. The
information communicated at the block 802 can comprise the
information included in any ofthe screens illustrated in FIGS.
10-16.
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[0147] Upon communicating the information at block 952,
the process 950 continues at block 954, where the radio
transceiver 935 or the modem 945 receive configuration
information from the computer of the end user. The configu-
ration information can include, for example, operational
parameters (e.g., a parking rate, a geographic location, park-
ing rules, an amount of currency in a cash box, or times when
different parking rates or rules apply), firmware, parking sen-
sor identification, remote payment authorization information,
and the like.

[0148] The process 950 continues to block 956, where the
radio transceiver 935 or the modem 945 communicates an
initial message of the communication session toward one or
more of the meters 10. The initial message transmitted at
block 956 includes information indicating what the task asso-
ciated with the communication session entails. In some
embodiments, the initial message also includes other infor-
mation related to the task such as, for example, operational
parameters (e.g., a parking rate, a geographic location, park-
ing rules, an amount of currency in a cash box or times when
parking rates or rules apply), firmware, parking sensor iden-
tification, remote payment authorization information, etc.
The initial message transmitted at block 956 also includes an
addressee field that indicates which meter(s) 10 the initial
message is directed to. Preferably, the initial message is com-
municated to the local data manger 22. In a mesh network, the
initial message can be forwarded by the local data manager 22
and can be received at any one of the meters 10, whereupon
the meter that receives the message can then forward the
message to the meter to which the initial message is directed.
[0149] The communication session is established at block
956 when the meter 10 to which the initial message was
directed responds with an acknowledgement message. Upon
the communication session being established, the process
950 continues at block 958, where the radio transceiver 935 or
the modem 945 communicates the configuration information
toward the meter 10. The configuration information is asso-
ciated with the operation of the meter 10. The configuration
information is also uniquely associated with the location of
the meter 10. The configuration information can include any
of the types of configuration information discussed above in
reference to block 708 of FIG. 7.

[0150] At block 960, the radio transceiver 935 or the
modem 940 receives meter operating data from the meter 10.
The type of meter operating data transmitted at block 810
depends on the task being performed in the communication
session. The meter operating data can include a payment
authorization request, a report of payment received at the
meter, location reports as discussed in reference to FIG. 6 or
tag information. The meter operating data can also include an
acknowledgement that the meter 10 received the configura-
tion information communicated at block 958. Preferably, the
meter operating data is received from the local data manager
22. The radio transceiver 935 or the modem 945 can receive
the meter operating data at block 960.

[0151] At block 962, the control module parking manage-
ment module 940 determines if the communication session is
over. The communication session is over when the task asso-
ciated with the communication session is completed. If it is
determined that the communication session is over, the func-
tions at the blocks 952-962 of the process 950 continue as
needed, depending on the events that occur. Ifit is determined
atblock 962 that the communication session is not completed,
the process 950 returns to perform the functions at blocks
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958-962 until the communication session is completed. It
should be noted that the functions of the blocks 952-962 of the
process 950 can be combined, rearranged or omitted. The
operations depicted in FIG. 17 can be carried out by the
processor of the central management server 910.

[0152] FIG. 18 is a block diagram of a computer system
1800 that may incorporate embodiments in accordance with
the disclosure for performing the operations described herein,
including operations of the parking meter management sys-
tem 900 and the central management server 910. In the
present embodiment, the computer system 1800 typically
includes one or more processors 1805, a system bus 1810,
storage subsystem 1815 that includes memory subsystem
1820 and file storage subsystem 1825, user interface output
devices 1830, user interface input devices 1835, a communi-
cations subsystem 1840, and the like.

[0153] In various embodiments, the computer system 1800
typically includes conventional computer components such
as the one or more processors 1805, and memory storage
devices such as a read only memory (ROM) 1845 and random
access memory (RAM) 1850 in the memory subsystem 1820,
and disk drives in the file storage subsystem 1825.

[0154] In the illustrated embodiment, the user interface
output devices 1830 can comprise a variety of devices includ-
ing computer displays, viewing screens, indicator lights,
loudspeakers, tactile output, and the like. The user interface
input devices 1835 can comprise a variety of devices includ-
ing a computer mouse, a trackball, a track pad, a joystick,
wireless remote, drawing tablet, voice command system, eye
tracking system, and the like. The user interface input devices
1835 typically allow a user to select objects, icons, text, and
the like that appear on the user interface output devices 1830
via a command such as a click of a button or the like.

[0155] Embodiments of the communication subsystem
1840 typically include an Ethernet card, a modem (telephone,
satellite, cable, ISDN), (asynchronous) digital subscriber line
(DSL) unit, FireWire interface, USB interface, and the like.
For example, the communications subsystem 1840 may be
coupled to the communications networks and other systems
1855 (e.g., the Internet communications network 60 of FIGS.
4 and 5), to a FireWire bus, or the like. In other embodiments,
the communications subsystem 1840 may be physically inte-
grated on the motherboard of the computer system 1800, may
be a software program, such as soft DSL, or the like.

[0156] The RAM 1850 and the file storage subsystem 1825
are examples of tangible media configured to store data such
as payment collection, meter rates, including executable
computer code, human readable code, or the like. Other types
of tangible media include: floppy disks; removable hard
disks; optical storage media such as CD-ROMS, DVDs, and
bar code symbols; semiconductor memories such as flash
memories, read-only-memories (ROMS); battery-backed
volatile memories; networked storage devices; and the like.
[0157] In the present embodiment, the computer system
1800 may also include software that enables communications
over a network (e.g., the communications network 60 of FIG.
4 and FIG. 5) such as the DNS, TCP/IP, UDP/IP, and HTTP/
HTTPS protocols, and the like. In alternative embodiments of
the present invention, other communications software and
transfer protocols may also be used, for example IPX, or the
like.

[0158] It will be readily apparent to one of ordinary skill in
the art that many other hardware and software configurations
are suitable for use with the present invention. For example,
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the computer system 1800 may be a desktop, portable, rack-
mounted, or tablet configuration. Additionally, the computer
system 1800 may be a series of networked computers. Fur-
ther, the use of other microprocessors are contemplated, such
as Pentium™ microprocessors; Opteron™ or AthlonXP™
microprocessors from Advanced Micro Devices, Inc; and the
like. Further, other types of operating systems are contem-
plated, such as Windows®, WindowsXP®, WindowsNT®, or
the like from Microsoft Corporation, Solaris from Sun Micro-
systems, LINUX, UNIX, and the like. In still other embodi-
ments, the techniques described above may be implemented
upon a chip or an auxiliary processing board (e.g., a program-
mable logic device or graphics processor unit).

[0159] FIG. 19 shows a block diagram illustrating
examples of various electrical and other components of a
parking meter device 10. The parking meter device 10 has a
coin accepting and validating assembly 1916, a card reading
device 1920, a display 1926, touch keys 1940, and a solar
panel 1928. In addition there is a power management facility
1946, a rechargeable, replaceable battery 1948, random
access memory 1950, a central controller 1952, flash memory
1954 for code, a real time clock 1956, a coin validator inter-
face 1958, a card reader interface 1960 for cards having chips
and magnetic strips and for RF electronic purses, a receiver
1962 for signals such as from RF electronic purses, I/O hard-
ware 1964, sensors, switches, and reset indicators 1966, an
expiry indicator 1968, a display driver 1970 for the display
1926, a communications subsystem 1972, a cellular phone
engine 1974 with its antenna 1976, a Wi-Fi engine 1978 and
its antenna 1980, a GPS unit 1982 and its antenna 1984, and
a serial/USB/IrDA port 1986.

[0160] The controller 1952 controls operation of the meter
10. An integrated device is used, providing RAM, ROM, and
some [/O capabilities. Power-down features are desirable
when selecting the microcontroller, as the meter can be put in
the idle or sleep mode. A serial port is provided for debug as
well as connection to an external management system.
[0161] To minimize power consumption, the controller can
include a special power management facility such as power
management circuitry to allow application of power to only
the necessary peripherals at only the necessary times. The
power management facility also provides battery status to the
microcontroller to allow changes in operation based on avail-
able power, as well as health reporting to the management
system.

[0162] An AMP card reader will be used as the external
electrical/mechanical credit/smart card solution. One of two
interfaces to the AMP device is the card head interface. A
Magtek Triple Track ASIC can be used to convert the analog
head signals to serial bit streams, readable by the microcon-
troller. The second interface to the external AMP card con-
nector is the smart card interface. This block will provide
necessary level shifting and synchronization to allow the
microcontroller to bit-bang the smart card interface.

[0163] The coin validator interface 1958 is an analog/digi-
tal block that connects to three coils in the coin validator
1916. The coils are energized, and the change in inductance is
measured as the coin passes through each of the coils. This
profile can then be correlated by the microcontroller to a
database of known coins to determine the type of coin present.
[0164] The parking meter device 10 contains a number of
switches such as touch keys for user input, presence detection
in the card reader, and door switches. The I/O hardware 1964
allows the microcontroller to sense the state of the switches.
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[0165] An expansion interface may be provided that will
allow a daughter card assembly to be connected to the con-
troller board. The communication protocol over the interface
will support a minimum throughput of 20 KB/s. The expan-
sion interface is intended to allow the addition of a commu-
nication device to the meter. Possible device types are: cellu-
lar, WiFi, Zigbee, and IrDA. Both communication signals and
power will be provided through the expansion connector.
[0166] The following can be displayed on the display 26:
which of the user buttons are pressed; information from a
credit card; information from a smart card; which coins are
passed through the coin validator.

[0167] A user (i.e., a motorist who wants to park a vehicle)
can approach the meter 10 and insert either a coin or card into
the meter. In either case, the user action will wake up the
electronic componentry of the meter and the meter will then
either validate that it is a coin, credit card, debiVATM card, or
a Smart Card or the like that was inserted. By inserting either
the required number of valid coins or by inserting a card and
manipulating the controls on the touch pad, the user can
determine the amount of parking time to purchase. The
amount of time purchased is then displayed on the electronic
display. The parking meter device 10 will communicate with
the credit card company wirelessly and authorize the payment
using that card.

[0168] Payment via an electronic tag or electronic toll road
pass can operate as follows. The meter device 10 will either
sense or be advised by an electronic sensor that a motor
vehicle has parked in the parking space with which the device
is associated. It will then identify the electronic tag in the
vehicle and after the vehicle has been in that parking space for
a predetermined time (i.e. a parked interval) the device will
then deduct time from the vehicle’s electronic tag (i.e.,
account) for a predetermined length of time (i.e. a pay inter-
val) and will display that time on the electronic device’s LCD
Display. After that time has been used up and the vehicle is
still parked in that same parking space, the device will again
deduct the required amount of money from the vehicle’s
electronic tag account and will display that amount of time on
the device’s LCD display. This process will repeat itself until
the vehicle has stayed in the parking space for the maximum
amount of time allowed for that parking zone or area. When
the motor vehicle departs the parking space, the device will
either sense or be advised by an electronic sensor that the
vehicle has departed, and the device will be initialized and
made ready for the next vehicle.

[0169] At atime determined by the owner or the controller
of the parking area, the device will communicate with a
management system. This can be done wirelessly or through
a hand held device.

[0170] Referring to FIG. 20, a flowchart of an embodiment
of'a process 2000 for operating a meter in the parking meter
system 20 of FIG. 3 is illustrated. The process 2000 illustrates
an embodiment for targeting localized advertising to auser of
a wireless device, where the user of the wireless device was
identified as having made a payment at a meter such as the
parking meters of FIGS. 1A, 1B, and/or 1C.

[0171] With reference to FIG. 1B, FIG. 3, and FIG. 20, the
process 2000 starts at block 2002 where a user registers to
receive localized advertising in association with a remote
electronic payment service conducted by the central data
manager 26 of the parking meter system 20. The registration
can be conducted over the Internet, in person, over a telecom-
munication system, or by any other method. At registration,



US 2014/0040028 Al

the user provides credit/debit card information for a credit/
debit card that will be used to make pay-by-cell payments.
Optionally, the user could also provide bank account infor-
mation. The user also provides phone information to enable
the system to identify the registered user upon making a call.
The phone information also provides the system with a cell
phone number (handheld or in-vehicle) at which the user can
be contacted regarding future remote payment notifications
and localized advertising. The remote payment can be made
using any form of electronically readable user identifier such
as, for example, a credit card, a debit card, a smart card
(contact or contactless), a contactless RFID tag or a driver’s
license. In one embodiment, the user is provided with an
RFID tag that can be used to communicate with a parking
meter. In such as embodiment, an RFID tag identification
number is also linked to the credit/debit card and phone
information of the user. This tag identification number creates
an association between the credit card, the RFID tag, and the
cell phone number of the user. The RFID tag can be carried on
the person, placed on a key chain, in a wallet, or affixed to the
back of a cell phone, for example.

[0172] After registering with the central data manager 26,
the user, at block 2004, initiates a payment session, such as
with a call to the payment system central data manager for
payment of a parking session at a parking meter where the
user is parking a vehicle. In one aspect, the user could initiate
communication with the payment system by pushing a button
on the user interface 18 of the parking meter. Pushing the
button wakes up the control module 16 of the parking meter so
as to initiate a communication session between the parking
meter and the payment system. Payment can also be initiated
by the user presenting a credit/debit card, smart card (contact
orcontactless), drivers license, or other form of electronically
readable user identifier, to a reader of the meter 10.

[0173] Upon initiation of the payment communication ses-
sion at the block 2004, the process 2000 continues to block
2006, where payment information is communicated to the
payment system central data manager 26. In one embodi-
ment, the user uses a cell phone to communicate the payment
information (e.g., user identification and/or an amount of time
to be purchased) and meter identification information to the
central data manager 26. The central data manager 26 can use
caller ID of the user to determine the cell phone number of the
user and can then identify the credit/debit card information of
the user based on the registration information maintained at a
database of the payment system central data manager.
[0174] In another embodiment, the user causes a reader of
the parking meter to retrieve user identification number from
a credit/debit card, smart card (contact or contactless), drivers
license, or other form of electronically readable user identi-
fier. The parking meter then contacts the central data manager
26, via the radio transceiver 12, with the user identification
number and with the amount of time being paid for (this could
be entered by the user using the user interface 18). In embodi-
ments where one of the parking sensors 51, 52, or 53 senses a
vehicle identifier of a vehicle at the meter 10, the meter 10
transmits the vehicle identifier transmitted by the sensor to the
local data manager 22 or the central data manager 26. The
central data manager 26 then uses the user identification
number and/or the vehicle identifier to identify the associated
credit/debit card, or bank account information of the user.
[0175] Upon receiving the payment information at block
2006, the central data manager 26 processes the payment
transaction. Upon successful completion of the payment
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transaction, the process 2000 continues to block 2008 where
the central data manager 26 wirelessly communicates infor-
mation confirming the successful payment of the amount of
time requested by the user to the meter 10.

[0176] At block 2010, the central data manager 26 deter-
mines a location of the parking meter. The location of the
parking meter can be stored in a database at the central data
manager 26 and identified based on an identification number
of'the parking meter received from the user at the central data
manager 26 along with the payment information at the block
2006. Alternatively, the location could be provided by the
parking meter itself when the parking meter communicates
the payment information at the block 2006.

[0177] Atblock 2012, the central data manager 26 receives
other location information related to the user. This location
information could be obtained when the user makes a call to
the central data manager 26 at the block 2006 to add addi-
tional time to the parking meter. The other location informa-
tion could be obtained from a position location subsystem in
the phone or other wireless device of the user. The location
information can also be stored with information such as time
of'day, day of the week, amount of time paid for and a duration
of time that the user parked at the meter.

[0178] At block 2014, the central data manager 26 stores
the parking meter location and the other location information
related to the location of the user in a database. In this way, a
history of the parking meter locations and the locations of the
user can be used to identify locations frequented most by the
user. The stored information can be time stamped to be used
later to further target advertisements based on time of day, day
of'the week, day of the month, month of the year, etc.
[0179] Atblock 2016, the central data manager 26 accesses
data about advertising contracts that have been sold to entities
interested in targeting advertisements to people based on the
location of the person (i.e., location-aware advertising). The
entities could include commercial entities, charities, clubs,
not-for-profit organizations, individuals, or any other entity
that might want to advertise. The contracts would identify an
area for which advertisements would be sent to the user when
that user parks at a parking meter in the area, or is later
identified to be located in that area or to have parked in that
area. The area identified in the advertising contract could be,
forexample, a local area (e.g., certain city blocks), a city-wide
area, a county-wide area, a state-wide area, a nation-wide
area, or any other geographical area.

[0180] At block 2018, the central data manager 26 deter-
mines advertisements to be sent to the user based on the stored
location history of the user and based on the contracted area
associated with each advertising entity. The determination
could identify the area based on the current parking meter
geographic location, the current user location, past parking
meter geographic location associated with the user, and/or
past user locations.

[0181] In determining advertisements to be sent at block
2018, the data manager 26 can use other stored information
besides the geographic location. Other stored information can
include, for example, time of day, day of the week, frequency
that the user parks in a general area (e.g., daily, on weekends
only, randomly), predicted amount of time (e.g., an average
value, mean value or expected value based on a parking
history ofthe user) paid for by the user at meters in the general
area, or a predicted time duration (e.g., an average value,
mean value or expected value based on a parking history of
the user) that the user parked at meters in the general area, and
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the like. The data manager can use information relating to
parking history of the identified user on the basis of informa-
tion noted above, and can also use information relating to
parking history of a general population or of a particular
group. For example, groups may include persons who park in
the general geographical area, or persons who park at the day
and time corresponding to the parking session, and the like. In
general, any information useful in determining demographics
or other indicators of targeted advertising for the user of the
parking space my be used by the data manager in determining
advertisements to be send at 2018.

[0182] Forexample, anadvertisement for a restaurant in the
vicinity of the meter where the user is parked may be sent to
the user if the average (or mean or expected) time duration
that the user has parked at meters in the general geographical
area exceeds a threshold time such as about one hour. In
contrast, an advertisement for a convenience store could be
targeted to a user if the average (or mean or expected) parking
time duration for the user exceeds about fifteen minutes. The
general geographical area in which other meters can be con-
sidered relevant to a certain meter can vary. Meters within a
predetermined number of city blocks could be considered
relevant in a busy city, whereas meters within a larger area
such as a mile or more could be considered relevant in a less
urban area. Other relevant area distances can be used, depend-
ing on the location.

[0183] Advertisements may be targeted, or directed, in a
variety of ways. For example, advertisements may be directed
to users based on the immediate products and services located
in the specific geographic location or general geographical
area of the parking meter without concern for the person or his
or her purchasing preferences. Alternatively, advertisements
may be directed to users based upon analytics relating to
purchase history of the person, with or without concern to the
possible products and/or services in the immediate geo-
graphical area of the parking meter.

[0184] The analytics for directing advertisements may be
generated in a variety of ways. For example, users may pro-
vide profile settings when they register for an account, and
may be given the opportunity to make selections regarding
rules or preferences for selecting the advertisements to be
directed to them. Another means of determining advertise-
ment analytics and selecting targeted ads may be provided by
third parties, for example, an entity could send the parking
event information comprising location and time to a company
with analytics processing ability (e.g., Google) and the ana-
Iytics company could use their analytical tools to select the
advertisement. This processing be based on Web purchases,
credit card information, personal demographics, and the like.

[0185] A userprofile, such as the profile that is created upon
user registration or updated information collected later, may
be stored on the registered user’s mobile device, which may
be interrogated at the time of the parking purchase, to deter-
mine the best ads to be targeted. The user profile would likely
change over time based on items purchased (with or without
the registered user’s mobile device or phone as the payment
mechanism). The mobile device could be a personal device,
such as a cell phone, or the profile information may be stored
in the vehicle. The profile information could also be based on
where the user parks most frequently in any given geographi-
cal area and may be based on the likelihood that the user will
continue to use the stores in the immediate area where the user
is likely to park.
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[0186] Atblock 2020, the central data manager 26 commu-
nicates the advertisement(s) determined at block 2018 to the
user. The advertisements could be communicated to the cell
phone ofthe user (e.g., via text message), to an email address
of the user, to a home address of the user, to an in-vehicle
wireless device, or to any other geographic address of the
user. The advertisement could be a textual message, a graphi-
cal message (e.g., a displayable or printable coupon), an SMS
message, an audio message or any other type of message.
[0187] In some embodiments, the message communicated
at the block 2020 includes a promotional code. When the user
provides the message, including the promotional code, to the
advertising entity, the advertising entity knows that this user
received the advertisement with the pay-by-sell service. The
central data manager 26 could bill the advertising customers
based on the number of purchase that result from the pay-by-
cell advertisements, as identified using the promotional code.
Other billing systems include flat rate systems, systems based
on the number of advertisements communicated, or systems
based on the number of different customers to which the
advertisements were communicated.

[0188] The process 2000 is exemplary and it should be
understood that blocks can be omitted, rearranged and/or new
blocks added.

[0189] Embodiments in accordance with the disclosure can
be implemented in the form of control logic in software or
hardware or a combination of both. The control logic may be
stored in an information storage medium as a plurality of
instructions adapted to direct an information-processing
device to perform a set of steps disclosed in embodiments of
the present invention. Based on the disclosure and teachings
provided herein, a person of ordinary skill in the art will
appreciate other ways and/or methods to implement embodi-
ments in accordance with the disclosure.

[0190] The systems and methods discussed above involved
the use of parking meters located and associated with specific
parking space locations. However, the above methods and
systems are applicable to monitor other scenarios where a
measurable quantity of product or an amount of measurable
time that a product is being consumed is associated with a
unique physical location. For example, an arrival event could
be a person moving up to a walk-up space in a queue, or a
package arriving at a certain point on a conveyor, e.g., in a
production process.

[0191] The systems and techniques described herein may
be used in conjunction with a wide variety of parking meters
configured to operate as described herein. For example, the
targeted advertising as described herein may be carried out
with suitably configured parking meters of the type described
in U.S. patent application Ser. No. 12/072,524 entitled “Park-
ing Meter” assigned to the assignee of the present invention.
The contents of the aforementioned U.S. patent application
Ser. No. 12/072,524 are incorporated herein in their entirety
for all purposes.

[0192] The parking meter described the aforementioned
U.S. patent application Ser. No. 12/072,524 includes features
comprising a coin sensor, a card reader, and an electronic
device electrically connected to the sensor and reader so as to
receive information electronically therefrom, the electronic
device having a screen to provide information visually, a
telephone connection to provide receiving information in
respect of a card used in respect of said card reader, and
connections for at least one rechargeable battery to power the
reader, sensor and device. The parking meter also includes a
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solar cell operatively associated with said connections to
charge said battery, a housing in which the coin sensor, card
reader, and electronic device are located. The housing com-
prises an intermediate panel set and a cover panel, wherein the
cover panel is movably attached to the intermediate panel set,
and a surface of the cover panel and a surface of the interme-
diate panel set comprise a front face, and the front face surface
of the cover panel includes a control panel having a window
and a plurality of buttons that operate the parking meter upon
manipulation by auser, a coin slot in the front face into which
coins are inserted for delivery to the sensor and then to a coin
receptacle, a card slot in the front face into which a card is
inserted to be read by said reader, a rear face comprising a
surface of the cover panel and a surface of the intermediate
panel set providing a window aperture via which said solar
cell is exposed to light. The parking meter operates such that
the coin sensor and the card reader are electrically linked to
provide information to the electronic device to provide infor-
mation of whether payment has been made, and the screen of
the electronic device is visible through the window of the
control panel when the cover panel is attached to the inter-
mediate panel. One or more of these features may be incor-
porated into a parking meter that is otherwise configured for
operation in accordance with the description herein.

[0193] Specific details are given in the above description to
provide a thorough understanding of the embodiments. How-
ever, it is understood that the embodiments may be practiced
without these specific details. For example, circuits may be
shown in block diagrams in order not to obscure the embodi-
ments in unnecessary detail. In other instances, well-known
circuits, processes, algorithms, structures, and techniques
may be shown without unnecessary detail in order to avoid
obscuring the embodiments.

[0194] Implementation of'the techniques, blocks, steps and
means described above may be achieved in various ways. For
example, these techniques, blocks, steps and means may be
implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units
may be implemented within one or more application specific
integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FP-
GAs), processors, controllers, micro-controllers, micropro-
cessors, other electronic units designed to perform the func-
tions described above, and/or a combination thereof.

[0195] Also, it is noted that the embodiments may be
described as a process which is depicted as a flowchart, a flow
diagram, a data flow diagram, a structure diagram, or a block
diagram. Although a flowchart may describe the operations as
a sequential process, many of the operations can be per-
formed in parallel or concurrently. In addition, the order of the
operations may be re-arranged. A process is terminated when
its operations are completed, but could have additional steps
not included in the figure. A process may correspond to a
method, a function, a procedure, a subroutine, a subprogram,
etc. When a process corresponds to a function, its termination
corresponds to a return of the function to the calling function
or the main function.

[0196] Furthermore, embodiments may be implemented by
hardware, software, scripting languages, firmware, middle-
ware, microcode, hardware description languages, and/or any
combination thereof. When implemented in software, firm-
ware, middleware, scripting language, and/or microcode, the
program code or code segments to perform the necessary
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tasks may be stored in a machine readable medium such as a
storage medium. A code segment or machine-executable
instruction may represent a procedure, a function, a subpro-
gram, a program, a routine, a subroutine, amodule, a software
package, a script, a class, or any combination of instructions,
data structures, and/or program statements. A code segment
may be coupled to another code segment or a hardware circuit
by passing and/or receiving information, data, arguments,
parameters, and/or memory contents. Information, argu-
ments, parameters, data, etc. may be passed, forwarded, or
transmitted via any suitable means including memory shar-
ing, message passing, token passing, network transmission,
etc.

[0197] For a firmware and/or software implementation, the
methodologies may be implemented with modules (e.g., pro-
cedures, functions, and so on) that perform the functions
described herein. Any machine-readable medium tangibly
embodying instructions may be used in implementing the
methodologies described herein. For example, software
codes may be stored in a memory. Memory may be imple-
mented within the processor or external to the processor. As
used herein the term “memory” refers to any type of long
term, short term, volatile, nonvolatile, or other storage
medium and is not to be limited to any particular type of
memory or number of memories, or type of media upon
which memory is stored.

[0198] Moreover, as disclosed herein, the term “storage
medium” may represent one or more memories for storing
data, including read only memory (ROM), random access
memory (RAM), magnetic RAM, core memory, magnetic
disk storage mediums, optical storage mediums, flash
memory devices and/or other machine readable mediums for
storing information.

[0199] While the principles of the disclosure have been
described above in connection with specific apparatuses and
methods, it is to be clearly understood that this description is
made only by way of example and not as limitation on the
scope of the disclosure.

1. A method of targeting advertisements, the method com-
prising:

receiving information related to payment for a vending

session at a vending machine associated with a specific
location, the payment information including informa-
tion associated with a user making a purchase at the
vending machine and determining the specific geo-
graphic location of the vending machine;

storing data related to the vending session at the vending

machine geographic location in a database associated
with vending history of the user; and

determining with a processor one or more advertisements

to communicate to the user based on the geographic
location of the vending machine and previously stored
data related to the vending history of the user.

2. The method of claim 1, further comprising: receiving
location information related to a geographic location of the
user; and determining the one or more advertisements to
communicate to the user based on the location information of
the user.

3. The method of claim 2, wherein the geographic location
of'the user comprises the geographic location of the vending
machine.

4. The method of claim 1, further comprising communi-
cating the determined one or more advertisements to a wire-
less device of the user.
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5. The method of claim 1, wherein the stored data com-
prises a time of the vending session, and determining the one
or more advertisements to communicate to the user is further
based on the time of the vending session.

6. The method of claim 1, wherein the stored data com-
prises a time duration of the vending session, the method
further comprising: predicting a time duration of the vending
session based on historical time durations stored in the vend-
ing history of the user; and determining the one or more
advertisements to communicate to the user further based on
the predicted time duration.

7. The method of claim 6, wherein predicting the time
duration comprises using the historical time durations stored
for other machines within a predetermined distance of the
vending machine associated with the specific geographic
location of the vending machine.

8. The method of claim 1, wherein the stored data com-
prises amounts of time paid for by the user, and wherein
determining the one or more advertisements to communicate
to the user is further based on historical amounts of time paid
for by the user.

9. The method of claim 1, further comprising: receiving the
payment information from a wireless device of the user.

10. The method of claim 1, further comprising: receiving
the payment information from a transceiver of the vending
machine.

11. A payment system for vending locations, the system
comprising: a communication interface that communicates
with a plurality of vending machines, each of which is asso-
ciated with a predetermined geographic location correspond-
ing to a vending location; a processor that receives user iden-
tifying information via a communication related to payment
for a vending session at a vending location, and that deter-
mines a user payment card data for payment of the vending
session based on the user identifying information, wherein
the processor stores data related to the vending session at the
geographic location of the vending machine in a database
associated with vending history of the user, and determines
one or more advertisements to communicate to the user based
on the geographic location of the vending machine and pre-
viously stored data related to the vending history of the user.
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12. The payment system of claim 11, wherein the processor
receives location information related to a geographic location
of'the user, and determines the one or more advertisements to
communicate to the user based on the location information of
the user.

13. The payment system of claim 12, wherein the geo-
graphic location of the user comprises the geographic loca-
tion of the vending machine.

14. The payment system of claim 11, wherein the processor
communicates the determined one or more advertisements to
a wireless device of the user.

15. The payment system of claim 11, wherein the stored
data comprises a time of the vending session, and the proces-
sor determines the one or more advertisements to communi-
cate to the user further based on the time of the vending
session.

16. The payment system of claim 11, wherein the stored
data comprises a time duration of the vending session, and the
processor predicts a time duration of the vending session
based on historical time durations stored in the vending his-
tory of the user, and determines the one or more advertise-
ments to communicate to the user further based on the pre-
dicted time duration.

17. The payment system of claim 16, wherein the processor
predicts the time duration using the historical time durations
stored for other machines within a certain predetermined
distance of the geographic location of the vending machine.

18. The payment system of claim 11, wherein the stored
data comprises amounts of time paid for by the user, and the
processor determines the one or more advertisements to com-
municate to the user further based on the historical amounts of
time paid for by the user.

19. The payment system of claim 11, wherein the commu-
nication originates at a wireless device of the user and the
processor receives information identifying the vending
machine in the communication.

20. The payment system of claim 11, wherein the commu-
nication originates at a transceiver of the vending machine.
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