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ELECTRONIC PARKING METER MECHANISM WITH WIRELESS

COMMUNICATION ANTENNA

CROSS-REFERENCE TO RELATED PATENT APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent Application No.

61/673,850 titled "ELECTRONIC PARKING METER MECHANISM WITH WIRELESS

COMMUNICATION ANTENNA," filed July 20, 2012, which is incorporated herein by

reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to the field of parking meter systems, devices

and methods. The present invention relates specifically to a parking meter system equipped for

wireless communication.

[0003] Single-space parking meters are typically associated with a single parking space. To

utilize an individually metered parking space, a motorist typically inserts money into the parking

meter, and the parking meter displays an amount of time related to the amount of money

inserted. A multi-space meter typically provides a single payment location for more than one

parking spot, and the multi-space meter receives payment and tracks meter time for the multiple

parking spots. For either type of meter, the motorist may park at the metered spot for the amount

of parking time purchased. When the time on the meter expires, the motorist may move their car

or add more time to the meter. If the meter expires and the motorist remains parked at the meter,

a parking enforcement officer may issue a parking ticket. A city or other entity may operate a

city wide system of single-space parking meters and/or multi-space meters.

SUMMARY OF THE INVENTION

[0004] One embodiment of the invention relates to an electronic single-space parking meter

mechanism. The electronic single-space parking meter mechanism includes an inner housing

including a front side and a rear side. The electronic single-space parking meter mechanism



includes wireless communications hardware supported by the inner housing configured to

wirelessly communicate with a parking management system, and the wireless communications

hardware includes an antenna. The electronic single-space parking meter mechanism includes a

payment reader supported by the inner housing and an electronic display screen supported by the

inner housing. At least a portion of the antenna is located above at least a portion of the

electronic display screen.

[0005] Another embodiment of the invention relates to an electronic parking meter

mechanism for inserting into a preexisting outer meter housing. The electronic parking meter

mechanism includes an inner housing including a front side and a rear side. The electronic

parking meter mechanism includes wireless communications hardware supported by the inner

housing configured to wirelessly send and receive data, and the wireless communications

hardware includes an antenna. The electronic parking meter mechanism includes a solar panel

supported by the inner housing and an electronic display screen supported by the inner housing.

At least a portion of the antenna is located above the solar panel.

[0006] Another embodiment of the invention relates to a single-space parking meter

assembly including an electronic meter mechanism and an outer housing. The electronic meter

mechanism includes an inner housing including a front side and a rear side and also includes

wireless communications hardware supported by the inner housing configured to wirelessly send

and receive data. The wireless communications hardware includes an antenna. The electronic

meter mechanism includes an electronic display screen supported by the inner housing. The

outer housing includes a base defining a cavity sized to receive a lower portion of the electronic

meter mechanism and a cap configured to be coupled to the base over an upper portion of the

electronic meter mechanism. The outer housing includes a window supported by the cap, and

the window has a lower edge and an upper edge. The electronic display screen is supported by

the inner housing at a position such that the display is viewable through the window after the cap

is coupled to the base, and the antenna is supported by the inner housing at a position such that

the antenna is above the lower edge of the window after the cap is coupled to the base.

[0007] Another embodiment of the invention relates to an electronic single-space parking

meter mechanism including an inner housing, a wireless communications antenna supported by



the inner housing, a payment reader supported by the inner housing, and an electronic display

screen supported by the inner housing. At least a portion of the antenna is located above the

vertical midpoint of the meter mechanism.

[0008] Another embodiment of the invention relates to an electronic single-space parking

meter configured to be located within an outer meter housing and associated with a parking

space. The electronic single-space parking meter includes an inner housing, a wireless

communications antenna supported by the inner housing, a credit card mag-strip reader

supported by the inner housing, a currency reader including a slot for receiving currency, a

display screen supported by the inner housing, a solar panel located below the display screen, a

keypad and a meter control system supported by the inner housing. The meter control system

communicably coupled to the wireless communications antenna, the credit card mag-strip reader,

the currency reader, the display and the keypad. The meter control system is configured to

transmit data received from at least one of the credit card mag-strip reader, the currency reader

and the keypad to a parking management system via the wireless communications antenna. The

wireless communication antenna is supported by the inner housing at a position such that data is

transmittable from the wireless communications antenna to the parking management system

from within the outer meter housing.

[0009] Alternative exemplary embodiments relate to other features and combinations of

features as may be generally recited in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] This application will become more fully understood from the following detailed

description, taken in conjunction with the accompanying figures, wherein like reference

numerals refer to like elements in which:

[0011] FIG. 1 is a parking system according to an exemplary embodiment.

[0012] FIG. 2 is a parking system according to an exemplary embodiment.

[0013] FIG. 3 is a parking system according to an exemplary embodiment.

[0014] FIG. 4 is a block diagram of a parking system according to an exemplary

embodiment.



[0015] FIG. 5 is an exploded view of a single-space parking meter according to an

exemplary embodiment.

[0016] FIG. 6 is a front view of an electronic single-space parking meter mechanism

according to an exemplary embodiment.

[0017] FIG. 7 is a rear view from above of the electronic single-space parking meter

mechanism of FIG. 6 .

[0018] FIG. 8 is the view of FIG. 7 with the antenna housing removed according to an

exemplary embodiment.

[0019] FIG. 9 is a rear view from below of the electronic single-space parking meter

mechanism of FIG. 6 .

[0020] FIG. 10 is a side view showing the electronic single-space meter mechanism of FIG.

6 shown within an outer meter housing according to an exemplary embodiment.

DETAILED DESCRIPTION

[0021] Before turning to the figures, which illustrate the exemplary embodiments in detail, it

should be understood that the present application is not limited to the details or methodology set

forth in the description or illustrated in the figures. It should also be understood that the

terminology is for the purpose of description only and should not be regarded as limiting.

[0022] Referring generally to the figures, various embodiments of a wirelessly

communicating single-space parking meter and a parking system utilizing such parking meters

are disclosed herein. Generally, the single-space meters discussed herein include an electronic

meter mechanism that includes various electronic devices (e.g., wireless communication

equipment, multifunctional electronic display, various payment devices, vehicle sensor, power

supply, and/or control electronics, etc.). Typically, the inner electronic meter mechanism is

located within an outer housing when in use. In various embodiments, inner electronic meter

mechanism includes wireless communications hardware that includes one or more antennas

configured to wirelessly send and receive data. In various embodiments discussed herein, the

antenna of the inner electronic meter mechanism is supported from the housing of the electronic

meter mechanism such that the antenna is permitted to send and receive data from within the



protective, outer meter housing. In various embodiments discussed herein, the inner electronic

meter mechanism is structured to include a complete wireless communication hardware package

that is sized to fit within a standard single-space meter outer housing, without the need to

restructure or remake the outer housing.

[0023] Referring to FIGS. 1, 2 and 3, various exemplary embodiments of parking system 10

are shown. In the exemplary embodiment of FIG. 1, parking system 10 includes one or more

single-space parking meters 12, one or more multi-space parking meters 14, a communication

network, shown as wireless network 16, and a parking system control system, shown as parking

management system 18. Both single-space meters 12 and multi-space meter 14 may be

configured to communicate with parking management system 18 by directly accessing wireless

network 16. In various embodiments, wireless network 16 may be a mobile telephone system,

and meters 12 and 14 may access wireless network 16 utilizing standard mobile telephone

systems (e.g., GSM, GPRS, EDGE, etc.).

[0024] In various embodiments, meters 12 and 14 are configured to communicate parking

meter data to parking management system 18 via wireless network 16. Parking management

system 18 is a computerized, server system that includes a parking database that provides for

processing, storage and management of data within parking system 10. In one embodiment

shown in FIG. 1, parking management system 18 includes at least one server 19 and wireless

communications subsystem 21. Server 19 is configured to store and process parking data

associated with a particular parking spot (e.g., current parking space occupancy information,

current meter time, vehicle sensor data, information regarding mode of payment, vehicle arrival

information, vehicle departure information, parking rates, location information, etc.), including

parking data received wirelessly from the meters, to generally provide various parking system

functions. For example, parking management system 18 may be configured to use data from

meters to set parking rates, schedule parking enforcement activities, detect expired meters,

determine real-time occupancy rates, track meter payments, etc. Wireless communications

hardware 2 1 of parking management system 18 is configured to allow server 19 to communicate

wirelessly with the various components of parking system 10 discussed herein.

[0025] Server 19 is configured to store and generate data that may be communicated



wirelessly to the various components of parking system 10, and in this embodiment, wireless

communication hardware 1 is configured to transmit system data and/or information from

server 19 to the appropriate component of the parking system. For example, wireless

communication hardware 2 1 is configured to transmit, and meters 12 and 14 are configured to

receive information from parking management system 18 via wireless network 16. The system

data transmitted from parking management system 18 and received by the parking meters 12 and

14 may include parking meter configuration data, parking rate data, time and date data, testing

and diagnostic data, parking meter software updates, etc.

[0026] In various embodiments, parking system 10 also includes one or more vehicle

sensors, shown as pole-mount vehicle sensors 20, curb surface-mount sensor 22 and street

surface-mount sensor 24. Generally, sensors 20, 22 and 24 are each associated with a single

parking space 26 and are configured to detect the presence of a vehicle located in the associated

parking space, to detect entry of a vehicle into the associated parking space and/or to detect the

exit of a vehicle from the associated parking space. In the embodiment of FIG. 1, a pole-mount

sensor 20 is associated with and in communication with each single-space meter 12, and sensors

22 and 24 are associated with and in communication with multi-space meter 14. In other

embodiments, a subterranean sensor may be located beneath the surface of the parking spot in

place of street surface-mount sensor 24. In other embodiments, a curb surface-mount sensor 22,

a street surface-mount sensor 24 or subterranean sensor, may be associated with a single-space

meter 12 instead of pole-mount sensor 20. Generally, vehicle sensors 20, 22 and 24 are

directional sensors (i.e., sensor that only senses in a particular region or direction) and include a

targetable detection zone 30. Generally, the vehicle sensors are positioned such that the

targetable detection zone 30 is located within the parking space associated with the meter and is

not located in adjacent parking spaces.

[0027] Vehicle sensors 20, 22 and 24 are configured to detect one or more aspect (e.g.,

presence, entry, exit, etc.) of a vehicle within the parking spot associated with the sensor and to

generate a signal indicative of the detected aspect of the vehicle. The generated signal is then

communicated from the sensor to a controller associated with the parking meter for the parking

spot. In various embodiments, communication from the sensors to the associated meter may be



either through wired or wireless communication. The parking meter may execute various

functions (e.g., update time on the meter, restrict further parking in the space, determine the

meter is expired, etc.) in response to the detected aspect of the vehicle and may send data to

and/or receive data from parking management system 18 in response to the detected aspect of the

vehicle. In addition, data generated by the vehicle sensor associated with each meter (e.g., data

related to the presence of a vehicle within the space associated with the meter) may be

communicated to parking management system 18 via the wireless communications hardware of

the meter.

[0028] Generally, the vehicle sensors include a sensing element (e.g., an electromagnetic

energy transmitter and receiver, transceiver, etc.) located within a sensor housing. Sensors 20,

22 and 24 may be sensors configured to utilize electromagnetic energy to detect the presence of

the vehicle in the parking space, and specifically, sensors 20, 22 and 24 may be a radiofrequency

(RF) sensor including a radiofrequency-based sensing element. In other embodiments, sensors

20, 22 and 24 may be any sensors suitable for detecting an aspect of a vehicle in the associated

parking space. For example, sensors 20, 22 and 24 may be infrared reflectance sensors,

ultrasonic sensors, capacitance sensors, proximity sensors, magnetic sensors, magnetic-flux

sensors, non-intrusive sensors, radar-based sensors, a low power/broad spectrum radar sensor,

time of flight sensors, ranging sensors, etc.

[0029] As shown in FIG. 1, parking system 10 may include one or more mobile citation

units, shown as handheld unit 34. Handheld unit 34 communicates with parking management

system 18 via wireless network 16. In the embodiment shown in FIG. 1, handheld unit 34

includes wireless communications hardware for communication with parking management

system 18 via wireless network 16. Handheld unit 34 is carried by parking enforcement

personnel and is used to issue citations for parking violations. Handheld unit 34 sends various

types of enforcement data (e.g., data indicating issuance of a citation, data related to the type of

citation issued, location of parking violation, vehicle identification information, etc.) to parking

management system 18 via wireless network 16. Handheld unit 34 also receives various

information from parking management system 18. In one embodiment, handheld unit 34

receives information to facilitate the issuances of citations. For example, handheld unit 34 may



receive data indicative of the existence and location of expired meters. In one embodiment,

handheld unit 34 may receive data regarding which meters within a certain distance from unit 34

are expired. It should be understood that while the figures show a handheld citation unit, other

mobile citation units may be used within parking system 10. For example, a mobile citation unit

may be mounted within a vehicle driven by enforcement personnel.

[0030] Referring to FIG. 2, parking system 10 is shown according to another exemplary

embodiment. In this embodiment, parking system 10 includes a plurality of single-space meters

12 each having a pole-mounted vehicle sensor 20 coupled to pole 75, a wireless network 16 and

a parking management system 18. This embodiment of parking system 10 includes a gateway

36, and single-space meters 12 are configured for short-range communication with gateway 36.

In this embodiment, gateway 36 provides the communication link between multiple meters 12

and parking management system 18 via wireless network 16. In one such embodiment, single-

space meters 12 are configured for short-range RF communication with gateway 36, and gateway

36 is configured for communication (e.g., cellular, WIFI, etc.) with parking management system

18 via wireless network 16. Communication between meters 12 and gateway 36 may be via any

suitable RF communication technology, standard, or protocol (e.g., WIFI, IEEE 802.15.4,

Bluetooth, ZigBee, etc.). Parking system 10 may also include one or more multi-space parking

meter 14 in place of, or in addition to, single-space meters 12. In such an embodiment, the

multi-space meter may also communicate with gateway 36 using a wireless, RF technology.

[0031] Referring to FIG. 3, another embodiment of parking system 10 is shown including a

gateway 38 and a multi-space meter 40. In this embodiment, parking system 10 includes one or

more stand-alone vehicle sensors, such as curb surface-mount sensor 22 and street surface-mount

sensor 24, configured to monitor occupancy of the parking spaces associated with multi-space

meter 40. In this embodiment, gateway 38 receives wireless communication from both single-

space meters 12 and the stand-alone vehicle sensors (i.e., sensor 22 and sensor 24). Gateway 38

communicates information received from meters 12 and sensors 22 and 24 to parking

management system 18 via wireless network 16. Multi-space meter 40 communicates directly

with parking management system 18 via wireless network 16. In this embodiment, parking

management system 18 is configured to properly associate the data received from the stand-alone



vehicle sensors with the data for the appropriate parking space received from multi-space meter

40.

[0032] Also as shown in FIG. 3, parking system 10 may be configured to provide

compatibility between parking meters made by different companies. For example, in one

embodiment, parking meters 1 may be produced by a first company or manufacturer and multi-

space meter 40 may be made by a second company or manufacturer. In this embodiment,

sensors 20, 22 and 24 may be compatible with meters made by different companies. Further,

parking management system 18 is configured to receive, store and process data received from

parking meters or vehicle sensors made by different companies. This allows current, installed

single-space and multi-space meters manufactured by different companies to be upgraded to

provide the wireless communications and vehicle sensing functionalities discussed herein.

[0033] Referring to FIGS. 1, 2 and 3, parking system 10 includes a plurality of single-space

meters 12 (e.g., 2, 3, 4, . . . 50, . . . 100, more than 2, more than 10, more than 20, more than 50,

more than 100, etc., single-space meters), and may include one or more multi-space parking

meters 14.

[0034] Referring to FIG. 4, a block diagram of parking system 10 is shown according to an

exemplary embodiment, and includes a single-space electronic parking meter 12. It should be

understood that parking system 10 may include a plurality of single-space parking meters 12 and

may include one or more multi-space meters 14 as discussed above. As shown in FIG. 4, single-

space meter 12 includes an outer housing 42 and an inner electronic meter mechanism 44 located

within outer housing 42. Electronic meter mechanism 44 includes an inner housing 46 that

supports the electronics of electronic meter mechanism 44.

[0035] FIG. 4 also shows a block diagram of the components and device of electronic meter

mechanism 44. In the embodiment shown, meter mechanism 44 includes a parking meter control

system 50, a communication subsystem 52, a display 54, a power supply 56, a user input device

58, a payment subsystem 60, a vehicle sensor 62 and a removable memory device 64. Parking

meter control system 50 is communicably coupled to communication subsystem 52, display 54,

power supply 56, user input device 58, payment subsystem 60, vehicle sensor 62 and removable

memory device 64. Parking meter control system 50 may generally be any electronic control



unit suitable to provide the various parking meter functionalities discussed herein. For example

control system 50 may include one or more processing circuits having hardware (e.g.,

processors, memory, communication interfaces, etc.) and/or software configured to control the

operation of parking meter 1 as discussed herein. In one embodiment, control system 50

includes two processors that each control various device of meter mechanism 44.

[0036] Communication subsystem 52 includes hardware and/or software for communicating

data between parking meter control system 50 and parking management system 18 via wireless

network 16. As shown in FIG. 1 communication subsystem 52 may be a communication

subsystem associated with a single-space parking meter 12 that is configured to communicate

data between the associated meter and parking management system 18 via wireless network 16

utilizing standard mobile telephone communication systems (e.g., GSM, GPRS, EDGE, etc.). In

various embodiments, communication subsystem 52 includes various communications hardware,

including an antenna 66 coupled to a wireless communication circuit. Antenna 66 is configured

to send and receive data from electronic meter mechanism 44. As shown schematically in FIG.

4, antenna 66 is physically supported by inner housing 46 of electronic meter mechanism 44. As

discussed in more detail below, antenna 66 is structured and positioned relative to inner housing

46 such that communication is permitted while electronic meter mechanism 44 is located within

the protective, outer housing 42. As shown, in FIGS. 2 and 3, communication subsystem 52 may

include shorter range communication hardware and software physically coupled to single-space

parking meter 12. In this embodiment, data is communicated from single-space meter 12 to the

gateway, and the gateway communicates the information to parking management system 18. In

one embodiment, control system 50 includes a dedicated communications processor that is

configured to handle wireless communications, and in another embodiment, control system 50

includes one or more multipurpose processor that provides for control of wireless

communications along with control of other devices.

[0037] Single-space meter 12 also includes a display 54 that displays various parking related

information (e.g., parking rate, current time and date, time remaining on meter, a meter expired

message, user operation instructions, hours of meter operation, meter status information, user

information during replacement, maintenance and data extraction processes, etc.) to the user of



single-space meter 12. Display 54 may be a graphical high contrast, low power display. The

display may be color or monochrome. Display 54 may be an LED display or LCD display. In

various embodiments, display 54 includes both a front facing screen on the sidewalk facing side

of the meter and a rear facing screen on the street facing side of the meter.

[0038] Single-space meter 12 also includes a power supply 56 suitable to power the

functions of single-space meter 12 discussed herein. In one embodiment, power supply 56 may

include one or more solar cells or solar panels and one or more self-sustained energy storage

devices (e.g., rechargeable batteries, ultracapacitors, etc.). In other embodiments, power supply

56 may be wired AC power supply.

[0039] Single-space meter 12 also includes a user input device 58 that allows the user to

interact with and operate the meter. In one embodiment, user input device 58 is a four button

keypad that provides tactile feedback and/or audible feedback to the user. Single-space meter 12

also includes a payment subsystem 60 configured to receive and process payment for parking. In

one embodiment, payment subsystem 60 includes currency reader (e.g., a money or coin slot and

a money detector, a bill slot and bill detector, etc.), a credit-card, mag-strip reader, a smart card

reader, and/or a "pay by phone" system. Further, single-space meter 12 also includes a vehicle

sensor 62 (e.g., pole-mount vehicle sensors 20, curb surface-mount sensor 22 and street surface-

mount sensor 24 as shown in FIGS. 1, 2 and 3) that communicates information to control system

50 regarding an aspect of a vehicle in the parking space associated with meter 12.

[0040] Single-space meter 12 includes a removable, read-write memory device 64.

Generally, removable memory device 64 stores information and/or software that can be utilized

by single-space meter 12 to allow single-space meter 12 to operate properly based on the

physical location of meter 12 within parking system 10 and based upon the particular parking

system 10 (e.g., meter configurations specialized for a particular city such display of city name).

Generally removable memory device 64 stores the information and/or software in a computer or

electronics readable form. Memory device 64 provides a mechanism by which new data or

programming can be provided to electronic meter mechanism 44. For example, in various

embodiments, memory device 64 may store location identification information representative of

the physical location of outer meter housing 42 that the new meter mechanism is being installed



into. Memory device 64 may also include payment information representative of parking

payments received by the meter. Memory device 64 may also include meter mechanism

configuration data. Configuration data may include rate information (e.g., information indicating

the parking rate and parking times that the rate applies), display configuration files (e.g., data

that is used by the meter mechanism controller to display the appropriate information on the

electronic display screen of the meter) and meter software/firmware (e.g., the appropriate

software/firmware versions that allow the meter mechanism to operate within the particular

parking system).

[0041] In one embodiment, memory device 64 is generally a portable, removable, read-write

memory device (e.g., a serial memory device, a memory card, a memory stick, a datakey, etc.).

Memory device 64 generally includes one or more electrical contacts configured to contact

mating contacts located within meter mechanism 44. In one embodiment, memory device 64

may be a serial flash memory device. In other embodiments, memory device 64 may be other

types of removable, read-write memory device including for example, CompactFlash, microSD,

miniSD, USB flash, etc.

[0042] Referring to FIG. 5 an exploded view of single-space meter 1 is shown according to

an exemplary embodiment. As noted above, single-space meter 12 includes an outer housing 42

and an electronic meter mechanism 44. Outer housing 42 acts to protect electronic meter

mechanism 44 and may include a locking mechanism to prevent unwanted access to meter

mechanism 44. Outer housing 42 includes a base or lower base 1 and a cap portion 73. Cap 73

of outer housing 42 includes a transparent portion or window 74 which allows the user to view

the display of electronic meter mechanism 44 when it is locked within outer housing 42. Lower

portion 7 1 of outer housing 42 is coupled to an upper end of a support structure or pole 75 that

supports meter 12. Lower portion 7 1 of outer housing 42 has an interior cavity 77 (shown in

FIG. 5) and a front (i.e., sidewalk facing) face 76 having a payment device opening, shown as an

aperture 78. To assemble meter 12, electronic meter mechanism 44 is received within cavity 77

and cap 73 is coupled to base 7 1 such that electronic meter mechanism 44 is secured within

housing 42. In this arrangement, a lower portion of meter mechanism 44 is located within cavity

77, and cap 73 is located over and covering an upper portion of meter mechanism 44. Generally



in this arrangement, the keypad and payment device of electronic meter mechanism 44 extend

through aperture 78 such that a motorist or other user is able to operate meter 1 and the display

of electronic meter mechanism 44 is visible through window 74.

[0043] Referring to FIG. 6, electronic meter mechanism 44 is shown according to an

exemplary embodiment. As noted above, electronic meter mechanism 44 includes an inner

housing 46 that supports the various components and electronics of electronic meter mechanism

44. Inner housing 46 is generally the shell or structure that encases and supports the electronics

of meter mechanism 44. Inner housing 46 also couples to or engages the inner surface of outer

housing 42 such that electronic meter mechanism 44 may be supported by and secured to outer

housing 42. As discussed above, electronic meter mechanism 44 includes an electronic display

54, which displays information to the user. In one embodiment, display 54 includes a first

screen viewable from the front of meter mechanism 44, shown as front display 102, and a second

screen viewable from the rear of meter mechanism 44, shown as rear display 104 in FIG. 7 .

[0044] Generally, meter mechanism 44 includes a payment receiving structure or system

including one or more payment devices configured to receive payment from a motorist (e.g., a

credit card reader, a currency reader, a smart card reader, etc.). In addition, meter mechanism 44

includes a user input device (e.g., a keypad, touch screen, buttons, switches, etc.) that receives

inputs from the motorist in order to operate the parking meter. Typically, the payment receiving

structure and the user input device is located on the front side of the inner housing such that the

motorist is located on the sidewalk when applying payment to the meter or interacting with the

user input device.

[0045] Electronic meter mechanism 44 includes an integrated payment and user-interface

structure 106 that extends outward from the front side of inner housing 46. Structure 106

includes both at least the physical, payment receiving components of both the payment

subsystem 60 and the user input device 58. Structure 106 is an extended portion of the inner

housing that supports both the payment receiving structure and the user input device of meter

mechanism 44. In the embodiment shown, user input device 58 is a four button interface 108

including up and down arrow keys, an OK button and a cancel button. In the embodiment

shown, payment subsystem 60 includes a hybrid card reader including both a smart card reader



110 and a credit card mag strip reader 112. Payment subsystem 60 also includes a money slot,

shown as coin slot 114, and located within structure 106 is a currency reader that detects

currency (coins in the example shown) that passes through coin slot 114. In other embodiments,

the money slot and currency reader may be configured to accept and detect paper money.

[0046] Smart card reader 110 may be configured to read a variety of smart-card type

payment cards, for example, smart-card credit cards, smart-card debit cards, proprietary parking

payment smart cards, etc. Credit card reader 112 may be configured to read a variety of mag-

strip based payment cards, including mag-strip credit cards, mag-strip debit cards, proprietary

parking mag-strip payment credit cards, etc. In another embodiment, payment subsystem 60 also

includes an RF based payment system configured to read an RFID tag associated with the

vehicle (e.g., iPass), and to process a parking payment to a pre-registered account associated with

the vehicle's RFID tag.

[0047] Electronic meter mechanism 44 includes a front solar panel 116 that provides power

to operate electronic meter 44 and to charge a rechargeable battery located inside inner housing

46. Inner housing 46 includes a front shelf, shown as shelf 118, upon which front solar panel

116 is mounted. Further, shelf 118 extends from the front surface (i.e., the sidewalk facing

surface) of inner housing 46 and is positioned below (i.e., at a lower position as measured along

the vertical axis of the meter mechanism) front display 102. Electronic meter mechanism 44 also

include a rear solar panel 120 (shown in FIG. 7) that is similar to solar panel 90 but located on

the rear (i.e., street-facing side of the meter mechanism). In other embodiments, electronic meter

mechanism 44 may include one solar panel or more than two solar panels.

[0048] Referring to FIG. 7, the rear side or street facing side of electronic meter mechanism

44 is shown. As noted above, electronic meter mechanism 44 includes rear display 104 and a

rear solar panel 120. Rear solar panel 120 is located on a shelf that extends outward and away

from a position below rear display 104.

[0049] As discussed above, electronic meter mechanism 44 is configured to provide wireless

communication from the single-space meters to parking management system 18. In one

embodiment, electronic meter mechanism 44 may include cellular communications hardware

(e.g., GPRS modem, antenna, etc.) located within and/or coupled to inner housing 46. In another



embodiment, electronic meter mechanism 44 includes RF communications hardware (e.g., point-

to-multipoint RF modem, antenna, etc.). In such embodiments, electronic meter mechanism 44

includes the appropriate wireless communication antenna 66 (shown in FIG. 4) located within

antenna housing 122. Antenna housing 122 generally encloses antenna 66 such that antenna 66

is in the proper arrangement and protects antenna 66 from damage or disruption that may

otherwise occur during transportation or shipment.

[0050] Antenna housing 122 is a cover or shell that is a part of inner housing 46 and that is

configured and located to permit antenna 66 to transmit and receive data while electronic meter

mechanism is located within outer housing 42. Referring to FIG. 8, electronic meter mechanism

44 is shown with antenna housing 122 removed to show antenna 66 supported by inner housing

46. As shown, antenna 66 is located above (i.e., at a higher position as measured along the

vertical axis of the meter mechanism) rear display 104 and is positioned horizontally and parallel

to the upper edge of rear display 104. Inner housing 46 includes a bracket or collar 138 that

receives the distal end of antenna 66. Collar 138 acts to support antenna 66 and to space antenna

from the outer surface of inner housing 46. In various embodiments, antenna 66 is located in the

upper half of or above the vertical midpoint of inner housing 46.

[0051] Referring back to FIG. 7, antenna housing 122 generally extends outward and

rearward from the rear face of inner housing 46. More specifically, antenna housing 122 extends

rearward such that antenna housing 122 extends beyond both rear display 104. Antenna housing

122 includes an upper portion 124 and a lateral portion 126. Upper portion 124 is located above

rear display 104 and extends horizontally along the upper edge of rear display 104. Upper

portion 124 includes an upper surface 128. Upper surface 128 is a continuously curved surface

that curves upward from the lateral left and right most edges of antenna housing 122. As shown,

curved upper surface 128 reaches its maximum height at about the midpoint of rear display 104.

Curved upper surface 128 is shaped to substantially match the curve of the uppermost surface of

inner housing 46, shown as crown 146, and also substantially matches the curve of the inner

surface of cap 73. Lateral portion 126 extends downward from a lateral portion of upper portion

124 along a lateral edge of rear display 104. In the embodiment shown, lateral portion 126

extends downward along the right lateral edge of rear display 104.



[0052] As shown in FIG. 9, upper portion 124 includes a rear facing vertical surface 130 and

a lower, downward facing horizontal surface 132. Vertical surface 130 is generally parallel with

rear display 104 and extends downward from and substantially perpendicular from upper surface

128. Horizontal surface 132 extends inward from the lower edge of vertical surface 130 and is

substantially perpendicular to the vertical plane defined by rear display 104. The inner edge of

horizontal surface 132 is located immediately above the upper edge of rear display 104.

[0053] Lateral antenna housing portion 126 includes a rear facing vertical surface 134 and a

lateral facing (specifically a left facing) vertical surface 136. Rear facing vertical surface 134

extends downward from and is contiguous and coplanar with rear facing vertical surface 130 of

upper portion 124. Lateral facing vertical surface 136 extends toward rear display 104 from an

inner edge of rear facing vertical surface 134 and the inner edge of lateral facing vertical surface

136 is located immediately adjacent to the lateral edge of rear display 104. In this arrangement,

lateral facing vertical surface 136 is perpendicular to horizontal surface 132 and intersect each

other adjacent to the upper right corner of rear display 104. In one embodiment, at least a

portion of antenna 66 is located within upper portion 124 and is also located above rear display

104 and/or above rear solar panel 120. In one such embodiment, antenna 66 is completely

located within upper portion 124 above rear display 104 and above rear solar panel 120.

[0054] In various embodiments, lateral antenna housing portion 126 provides an open space

within the antenna housing that facilitates transmission of the signal from antenna 66. Further,

lateral antenna housing portion 126 provides a third engagement point on antenna housing 122

that engages fastener 105 at a position adjacent to the lateral edge of display 104. Fasteners 107

and 109 engage upper portion 124 at positions above display 104. Fastener 105 along with

fasteners 107 and 109 provide for stable attachment of antenna housing 122 to the rest of the

inner housing of meter mechanism 44. In one embodiment, lateral portion 126 provides a

protective housing and support for a wired communication link (e.g., a wired connection) that

runs from an antenna 66 located within upper portion 124 to the other communications hardware

and processing systems located within the main body portion of inner housing 46.

[0055] Referring to FIG. 10, a view of electronic meter mechanism 44 located within outer

meter housing 42 is shown according to an exemplary embodiment. As shown in FIG. 10, cap



73 is coupled to base 7 1 such that meter mechanism 44 is enclosed within outer meter housing

42. Meter mechanism 44 is structured such that antenna 66 located within antenna housing 122

is permitted to receive and transmit data from within outer meter housing 42. In one such

embodiment, at least a portion of antenna housing 122 and a portion of antenna 66 are located

above lower edge 140 of window 74. In one embodiment, at least a portion of antenna housing

122 and a portion of antenna 66 are located below (i.e., at a lower position as measured along the

vertical axis of the meter mechanism) upper edge 142 of window 74. In various embodiments,

the positioning of antenna housing 122 and of antenna 66 as well as the material of window 74

allows for transmission and receipt of wireless communication signals (e.g., RF signals, wifi

signals, cellular telephone signals) through the material of window 74. In various embodiments,

the positioning of antenna housing 122 and of antenna 66 allows for transmission and receipt of

wireless communication signals (e.g., RF signals, wifi signals, cellular telephone signals) that

comply with applicable standards and regulations. In various embodiments, window 74 may be

made from a transparent or translucent material (e.g., clear plastic or glass). In one such

embodiment, window 74 is made from a strengthened or reinforced transparent or translucent

material that resists breaking. Further, the arrangement of antenna housing 122 described above

provides for space within inner housing 46 in which to hold antenna 66 while providing an

unobstructed view of rear display 104.

[0056] Further modifications and alternative embodiments of various aspects of the invention

will be apparent to those skilled in the art in view of this description. Accordingly, this

description is to be construed as illustrative only. The construction and arrangements, shown in

the various exemplary embodiments, are illustrative only. Although only a few embodiments

have been described in detail in this disclosure, many modifications are possible (e.g., variations

in sizes, dimensions, structures, shapes and proportions of the various elements, values of

parameters, mounting arrangements, use of materials, colors, orientations, etc.) without

materially departing from the novel teachings and advantages of the subject matter described

herein. Some elements shown as integrally formed may be constructed of multiple parts or

elements, the position of elements may be reversed or otherwise varied, and the nature or number

of discrete elements or positions may be altered or varied. Other substitutions, modifications,



changes and omissions may also be made in the design, operating conditions and arrangement of

the various exemplary embodiments without departing from the scope of the present invention.

[0057] While the current application recites particular combinations of features in the claims

appended hereto, various embodiments of the invention relate to any combination of any of the

features described herein whether or not such combination is currently claimed, and any such

combination of features may be claimed in this or future applications. Any of the features,

elements, or components of any of the exemplary embodiments discussed above may be claimed

alone or in combination with any of the features, elements, or components of any of the other

embodiments discussed above.



WHAT IS CLAIMED IS:

1. An electronic single-space parking meter mechanism comprising:

an inner housing including a front side and a rear side;

a wireless communications circuit supported by the inner housing configured to

wirelessly communicate with a parking management system;

an antenna coupled to the wireless communications circuit;

a payment reader supported by the inner housing; and

an electronic display screen supported by the inner housing;

wherein at least a portion of the antenna is located above at least a portion of the

electronic display screen.

2 . The electronic single-space parking meter mechanism of claim 1, wherein the

electronic display screen includes a front facing display located on the front side of the inner

housing and a rear facing display located on the rear side of the inner housing, wherein the

antenna is supported from the rear side of the inner housing above the rear facing display.

3 . The electronic single-space parking meter mechanism of claim 2, wherein the

inner housing includes an antenna housing and the antenna is located within the antenna housing,

wherein the antenna housing extends outward from a portion of the rear side of the inner housing

at a position above at least a portion of the rear facing display.

4 . The electronic single-space parking meter mechanism of claim 3, wherein the

antenna housing includes a lower surface located above the rear facing display and extending

horizontally outward and substantially perpendicular to a plane defined by the rear facing

display.

5 . The electronic single-space parking meter mechanism of claim 3, wherein the

antenna housing includes an upper surface, wherein the upper surface of the antenna housing is a

curved surface that curves upwardly between left and right lateral sides of the inner housing.



6 . The electronic single-space parking meter mechanism of claim 3, wherein the

antenna housing includes an upper portion extending horizontally along an upper edge of the rear

facing display and a lateral portion extending downward from the upper portion along a lateral

edge of the rear facing display.

7 . The electronic single-space parking meter mechanism of claim 2, further

comprising a front solar panel positioned below the front facing display and a rear solar panel

positioned below the rear facing display.

8. The electronic single-space parking meter mechanism of claim 1, wherein the

payment reader includes a credit card reader and a currency reader.

9 . The electronic single-space parking meter mechanism of claim 8, further

comprising a keypad located below the currency reader.

10. An electronic parking meter mechanism for insertion into a preexisting outer

meter housing, the electronic parking meter mechanism comprising:

an inner housing including a front side and a rear side;

wireless communications hardware supported by the inner housing configured to

wirelessly send and receive data, the wireless communications hardware including an antenna;

a solar panel supported by the inner housing; and

an electronic display screen supported by the inner housing;

wherein at least a portion of the antenna is located above the solar panel.

11. The electronic parking meter mechanism of claim 10, wherein the electronic

display screen is located above the solar panel.

12. The electronic parking meter mechanism of claim 10, wherein the antenna is

located above at least a portion of the electronic display screen.



13. The electronic parking meter mechanism of claim 10, wherein the inner housing

includes an antenna housing and the antenna is located within the antenna housing, wherein the

antenna housing extends outward from a portion of the inner housing.

14. The electronic parking meter mechanism of claim 13, further comprising a rear

display screen and further wherein at least a portion of the antenna housing extends outward

from a position above the rear display screen.

15. The electronic parking meter mechanism of claim 14, wherein the antenna

housing includes an upper portion extending horizontally along an upper edge of the rear facing

display and a lateral portion extending downward from the upper portion along a lateral edge of

the rear facing display.

16. The electronic parking meter mechanism of claim 14, further comprising a credit

card reader, a keypad and a currency reader, wherein the inner housing is sized to fit completely

within a single-space meter outer housing.

17. A single-space parking meter assembly comprising:

an electronic meter mechanism comprising:

an inner housing including a front side and a rear side;

wireless communications hardware supported by the inner housing

configured to wirelessly send and receive data, the wireless communications hardware

including an antenna; and

an electronic display screen supported by the inner housing; and

an outer housing comprising:

a base defining a cavity sized to receive a lower portion of the electronic

meter mechanism;

a cap configured to be coupled to the base over an upper portion of the

electronic meter mechanism; and

a window supported by the cap, the window having a lower edge and an

upper edge;



wherein the electronic display screen is supported by the inner housing at a

position such that the display is viewable through the window after the cap is coupled to the

base, and further wherein the antenna is supported by the inner housing at a position such that the

antenna is above the lower edge of the window after the cap is coupled to the base.

18. The single-space parking meter assembly of claim 17, wherein the antenna is

located above a portion of the display screen.

19. The single-space parking meter assembly of claim 17, wherein the electronic

meter mechanism includes a solar panel supported by the inner housing, wherein the antenna is

located above at least a portion of the display screen and above the solar panel.

20. The single-space parking meter assembly of claim 17, wherein the antenna is

located below an upper edge of the window.

21. An electronic single-space parking meter mechanism comprising:

an inner housing;

wireless communications antenna supported by the inner housing;

a payment reader supported by the inner housing; and

an electronic display screen supported by the inner housing;

wherein at least a portion of the antenna is located above the vertical midpoint of

the meter mechanism.



22. An electronic single-space parking meter configured to be located within an outer

meter housing and associated with a parking space, the electronic single-space parking meter

comprising:

an inner housing;

a wireless communications antenna supported by the inner housing;

a credit card mag-strip reader supported by the inner housing;

a currency reader including a slot for receiving currency;

a display screen supported by the inner housing;

a solar panel located below the display screen;

a keypad; and

a meter control system supported by the inner housing and communicably

coupled to the wireless communications antenna, the credit card mag-strip reader, the currency

reader, the display and the keypad;

wherein the meter control system is configured to transmit data received from at

least one of the credit card mag-strip reader, the currency reader and the keypad to a parking

management system via the wireless communications antenna;

wherein the wireless communication antenna is supported by the inner housing at

a position such that data is transmittable from the wireless communications antenna to the

parking management system from within the outer meter housing.

23. The electronic single-space parking meter of claim 22, wherein the wireless

communication antenna is supported at a position above the display screen within the outer meter

housing.

24. The electronic single-space parking meter of claim 22, wherein the wireless

communication antenna is supported at a position above the solar panel within the outer meter

housing.

25. The electronic single-space parking meter of claim 22, further comprising a

vehicle sensor configured to generate a signal indicative of a vehicle present within the parking



space and communicably coupled to the meter control system, wherein the meter control system

is configured to transmit data received from the vehicle sensor to the parking management

system via the wireless communications antenna.

26. The electronic single-space parking meter of claim 22, wherein the outer meter

housing includes a window, wherein the wireless communications antenna is located above a

lower edge of the window and the display screen is viewable through the window.

27. The electronic single-space parking meter of claim 22, wherein the electronic

display screen includes a front facing display located on a front side of the inner housing and a

rear facing display located on a rear side of the inner housing, wherein the wireless

communications antenna is supported from the rear side of the inner housing above the rear

facing display.

28. The electronic single-space parking meter of claim 27, wherein the inner housing

includes an antenna housing and the wireless communications antenna is located within the

antenna housing, wherein the antenna housing extends outward from a portion of the rear side of

the inner housing at a position above at least a portion of the rear facing display.

29. The electronic single-space parking meter of claim 22, wherein the meter control

system is configured to transmit data received from the credit card mag-strip reader, the currency

reader and the keypad to the parking management system via the wireless communications

antenna.

30. The electronic single-space parking meter of claim 1, further comprising any

combination of one or more features set forth in dependent claims 2-9, the specification and the

drawings.

31. The electronic parking meter mechanism of claim 10, further comprising any

combination of one or more features set forth in dependent claims 11-16, the specification and

the drawings.



32. The single-space parking meter assembly of claim 17, further comprising any

combination of one or more features set forth in dependent claims 18-20, the specification and

the drawings.
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