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DISTRIBUTED REMOTE SENSING SYSTEM GATEWAY

CROSS—-REFERNCE TO RELATED APPLICATIONS

[0001] This application is a non-provisional of and claims
the Dbenefit of United States provisional patent application
number 61/824,630 filed on May 17, 2013, the disclosure of which

is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] The exemplary embodiments generally relate to
distributed remote sensing systems and, more particularly, to
distributed remote sensing systems having remote sensors for

sensing a predetermined physical characteristic.

2. Brief Description of Related Developments

[0003] Parking monitoring / detection systems have
traditionally been used to raise revenue. Such devices have
included a timer and a winding mechanism requiring coins. More

recently, electronic meters have been developed which include an

electronic timer having an LCD time indicator.

[0004] With the advent of electronic parking monitoring
devices, attempts have been made to make the parking monitors
interactive with vehicle traffic 1in the associated parking

space. One way to obtain information about vehicle traffic at
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parking spaces 1s to couple the parking monitor to a vehicle
sensing device. The vehicle sensing device can detect when a
vehicle enters a parking space as well as when the vehicle
leaves. Attempts have also been made to centralized wvehicle
parking space monitoring where data collected by the vehicle
sensing devices 1is wultimately transferred to a centralized
monitoring location for analysis and application to user

accounts.

[0005] Generally, the vehicle sensing devices and
communication means between the vehicle sensing devices and the
centralized monitoring location must be powered. It may be
prohibitive to provide hard lined power to each vehicle sensing
device and each communication means. As such, the wvehicle
sensing devices and communications means may have limited power
supplies. The parking monitoring system components are also

subject to failure and/or outages.

[0006] It would be advantageous to have a distributed remote
sensing system that improves reliability through one or more
redundancies in the system as well as improve power management

of the system components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing aspects and other features of the
disclosed embodiment are explained in the following description,

taken in connection with the accompanying drawings, wherein:

[0008] Fig. 1 1is a schematic illustration of a portion of
vehicle parking meter system in accordance with aspects of the

disclosed embodiment;
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[0009] Fig. 2 is a schematic illustration of a portion of the
vehicle parking meter system of Fig. 1 1in accordance with

aspects of the disclosed embodiment;

[0010] Fig. 3 is a schematic illustration of a portion of the
vehicle parking meter system of Fig. 1 1in accordance with

aspects of the disclosed embodiment; and

[0011] Fig. 4 is a flow chart in accordance with aspects of

the disclosed embodiment.

DETAILED DESCRIPTION

[0012] Fig. 1 is a schematic illustration of a portion of a
distributed remote sensing system in accordance with aspects of
the disclosed embodiment. The distributed remote sensing system
may 1include remote sensors for sensing characteristics such as
vehicle detection, traffic patterns, vehicle navigation, wvehicle
position or any suitable predetermined characteristic. Although
the aspects of the disclosed embodiment will be described with
reference to the drawings, it should be understood that the
aspects of the disclosed embodiment can be embodied in many
forms. In addition, any suitable size, shape or type of

elements or materials could be used.

[0013] In one aspect the distributed remote sensing system
may be a vehicle parking meter/detection system 100 having a
centralized controller that may provide at least monitoring
and/or billing services for the use of one or more vehicle
parking spaces. In one aspect, the vehicle parking meter system
100 may include a central controller 101, one or more gateways

110A-110C, one or more sensing device groups 120-122 and one or
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more peripheral devices 130-132 which may include any suitable
display for displaying any suitable information pertaining to
one or more parking spaces. In other aspects the vehicle
parking meter system may include any suitable number and type of
components to facilitate the monitoring of the vehicle parking
spaces associated with the vehicle parking meter system 100.
The central controller 101 may be any suitable controller
capable of communicating with the one or more gateways 110A-110C
(and sensing devices in communication with the one or more
gateways) and the one or more peripheral devices 130-132 using
any suitable wireless or wired communication interface link that
extends from the sensing devices to the central controller and
from the central controller to the peripheral devices (it 1is
noted that the interface may include a single communication
protocol or a combination of different communication protocols).
In one aspect communication between at least the central
controller 101 and one or more of the gateways 110A-110C and/or
peripheral devices 130-132 may be through a cellular
communication link 141, a satellite communication 1link 142,
public switched telephone network 145, Internet / World Wide Web
143, Ethernet 144, local area network or other suitable wireless
or wired protocol or connection. In one aspect communications
from the sensing devices in the sensing device groups 120-122
may be provided substantially in real time to the central

controller 101 and/or peripheral devices 130-132.

[0014] The central controller 101 may include one or more
processors, a memory and any other suitable hardware/software
configured to track and report, for each parking space being
monitored, a user of the ©parking space, parking space
assignments/allocations, time of arrival, time of departure,

transaction rates, user account monetary balances, billing



WO 2014/186789 PCT/US2014/038592

transactions, parking violations, parking space availability or
any other suitable information pertaining to the use and billing
of each parking space monitored by the wvehicle parking meter
system 100. The central controller 101 may be configured with
one or more user 1interfaces to allow user access to and
operation of the central controller 101. In one aspect the
central controller 101 may be any suitable computing device
having a monitor, keyboard and/or other suitable user interface.
In other aspects, one or more of the peripheral devices 130-132
may provide a user interface for accessing and operating the
central controller 101 either through any suitable long or short
range wireless communication 1ink and/or through a wired
connection. The central controller 101 may be configured to
receive any suitable data from the sensing devices. The data
sent from the sensing devices may include or otherwise embody,
for example, any suitable data related to a parking space being
monitored, vehicle detection, and or a health and
welfare/maintenance status of the sensing device. In one aspect
the central controller may be configured to perform any suitable
processing on the data from the sensing devices while in other
aspects the data from the sensing devices may be configured,
e.g. without processing by the central controller, for display

on one or more of the peripheral devices.

[0015] In one aspect one or more of the peripheral devices
130-132 may include, for example, an enforcement unit which may
be a hand held unit for use by parking/law enforcement
personnel. The enforcement unit may be configured to report
parking violations and/or the issuance of parking tickets to the
central controller 101 so that electronic ticketing and data
capture 1s integrated into the distributed remote sensing

system. For example, a law enforcement officer wusing a
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peripheral device 130-132 may arrive at a parking space after
being notified of a violation and make a wvisual inspection of
the parking space to verify that there is a vehicle in violation
of a law. The wviolation may be entered into the peripheral
device 130-132 and optionally pictures of +the vehicle 1in
violation can be taken with the peripheral device or otherwise
loaded into the peripheral device. A citation may be generated
in any suitable manner, such as being printed from the
peripheral device 130-132 and affixed to the wvehicle in any
suitable manner. The enforcement unit may also report any other
actions taken by, for example, the parking enforcement personnel
and/or any other suitable information to the central controller
101. As such, violation data entered into the peripheral device
is automatically captured and stored in a memory, such as a
memory of the central controller 101 in substantially real time.
As may be realized storing the violation information within the
distributed remote sensing system stops the system from alerting
an enforcement office to that space until another wviolation
threshold is met or a new vehicle parks in the space. In
another aspect, the sensing devices may also be used in non-
parking spaces such as in front of fire hydrants, fire lanes,
cross walks, intersections, etc. The distributed remote sensing
system can be configured to <create a violation after any
suitable predetermined time period whenever a vehicle is parked
in one of these non-parking spaces so that an alert is sent to
an enforcement officer through, for example, a peripheral device
130-132. As may be realized, the distributed remote sensing
system may incorporate any other suitable sensors such as
cameras and infrared sensors that may be used in conjunction
with the sensing devices of the sensor groups 120-122.
Information from the cameras and/or infrared sensors may be used

in conjunction with the violation data provided by the sensing
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devices of the sensor groups 120-122 to track violations and the
history of the wviolations. The violation history can be printed
from, e.g., a peripheral device 130-132 for adjudication
purposes, including parking sensor time stamps of vehicle

entry/exit from a parking space.

[0016] The one or more of the peripheral devices 130-132 may
also include, for example, a motorist unit which may be a
handheld unit for use by motorists accessing the parking spaces
that are monitored by the vehicle parking meter system 100. In
one aspect the motorist unit may be a dedicated vehicle parking
meter system hand held unit while in other aspects the motorist
unit may be integrated into a user’s wireless phone, vehicle GPS
unit, or other wuser computing device such as through an
application program capable of running on the wireless phone,
GPS unit or other computing device. In still other aspects the
motorist unit may be implemented in any suitable manner for
allowing the motorist to, for example, check an account balance,
add funds to the wuser’s account, perform billing/violation
payment transactions, find available parking spaces or any other
suitable action(s) such as reserving one or more parking spaces
for a predetermined time and date. The motorist unit may
provide a motorist with way finding information, e.g. based on
data provided by the sensing devices, that includes a
substantially real time view of the availability of parking (and
routing thereto) throughout the deployment area of the
distributed remote sensing system. The motorist unit may be
configured to allow a user to select a location and see how full
the parking spaces are 1in an area using, for example, color
coded or other suitable indicators. Pricing to park in each
parking space may also be provided. The way finding information

provided by the motorist unit may also allow a user to keep
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track of where they park. In one aspect the motorist unit may
include or be wused in conjunction with a global positioning
system or other mapping data to provide a user with traffic
information related to the parking spaces so that the user can
select, for example a parking lot exit or street that i1is not
congested with wvehicles leaving parking spaces monitored by the

distributed remote sensing system.

[0017] As noted above the central controller 101 may be
connected to the one or more gateways 110A-110C (and to the
sensing devices) 1n any suitable manner. In one aspect one or
more communicators 140 may be wused as a communication 1link
between the gateways 110A-110C and the central controller 101.
The one or more communication links 140 may include, for
example, one or more cell towers/providers in a cellular
communication network. In other aspects the one or more
communication links 140 may include, for example, one Or more
satellites 1n a satellite communication network, a public
switched telephone network, Internet/World Wide Web access
points or any other suitable communication access points such as
those used in the wired and/or wireless communication protocols
described above. In still other aspects the one or more
communication links 140 may be a combination of cellular and
satellite communication or any other suitable wired or wireless

communication link.

[0018] Referring also to Fig. 2, each of the gateways 110A-
110C may include any suitable housing 299 having any suitable
shape and size. In one aspect the housing is weatherproof and
may be UV (ultraviolet) ray resistant. The housing 299 may be
constructed of any suitable material so that, in one aspect,

radio frequencies are allowed to pass through the housing. Each
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gateway 110A-110C (generally referred to as gateway 110) may
include, e.g. within a respective housing, a processor module
200 (which may include any suitable memory and suitable
programming and may be configured for performing the functions
of the gateway as described herein), GPS module 201, a clock
module 204, a charge controller 205, a power supply module 202

and any suitable number of communication modules 203, 208.

[0019] The GPS module 201 may be operably connected to the
processor module 200 and include any suitable antenna 209 for
communicating with one or more GPS satellites. The GPS module
201 may be configured to provide any suitable data to the
processor module 200 including, but not limited to
location/positioning data, date data and time data. The clock
module 204 may be operably connected to the processor module 200
and provide the processor module 200 with time data which may be
periodically (or at any suitable time(s)) wupdated by the
processor module 200 using date and/or time data obtained from

the GPS module 201.

[0020] The charge controller 205 may be operably connected to
the processor module 200 in any suitable manner. One or more
solar panels 207 may be disposed on, located remotely from or
otherwise connected to the housing 299. In one aspect, the one
or more solar panels 207 may be movable and configured in any
suitable manner to track one or more available 1light sources,
such as e.g. the best light source, to optimize a recharge cycle
of one or more power storage units 206. Here the one or more
solar panels 207 may include any suitable motors and 1light
sensors for effecting light tracking movement of the one or more
solar panels 207. As may be realized, the motors and light

sensors may be connected to the processor module 200 for any
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necessary calculations and control for effecting the 1light
tracking movements. In other aspects the solar panels 207 may
include a processor for performing the necessary calculations to
effect the light tracking movement. The solar panels 207 may be
operably connected to the charge controller 205 for charging the
one or more rechargeable power storage units 206. In one aspect
the gateway 110 may be configured to operate substantially from
power provided by the one or more solar panels 207 during
lighted conditions (e.g. during the day) and substantially from
power provided by the one or more rechargeable power storage
units 206 during unlighted or low 1light conditions (e.g. at
night, dusk, dawn, etc.). In other aspects the gateway 110 may
be configured to operate from power provided by a combined
output of the one or more solar panels 207 and the one or more
power storage units 206. In still other aspects the gateways
may be powered with a hard 1line such as from a utility source
and include suitable electronics for converting the wutility

power to power that is usable by the gateway.

[0021] The power supply 202 may be operably connected to the
processor unit 200 and the one or more power storage units 206
to provide and manage power from the one or more power storage
units 206 and/or solar panels 207 for the operation of the
gateway 110. In one aspect, the power supply module 202 may
provide a charge status of the one or more power storage units
206 to the processor module 200. The processor module 200 may
be configured, e.g. when the charge status reaches a
predetermined threshold or at any other suitable time, to effect
operation of the charge controller 205 so that power 1is
transmitted from the one or more solar panels 207 to the one or
more power storage units 206 for charging the one or more power

storage units 206. The power supply module 202 may also provide

10
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predictive maintenance that monitors, for example, the charge
cycles of the one or more power storage units 206. The
processor module 200 may be configured to determine or otherwise
predict a life of the one or more power storage units 206 using
data from, for example, the power supply module 202, such as a
voltage/current curve of the one or more solar panels 207 and/or
the charge cycles of the one or more power storage units 206.
The processor module 200 may cause a message (including a
status/life of the one or more power storage units 206) to be
sent from the gateway 110 to the central controller 101 for
communication to any suitable operator/maintenance personnel of

the vehicle parking meter system 100.

[0022] In one aspect the gateway 110 may include two
communication modules 203, 208. One of the communication
modules 203 may be a “local” communication module configured
for, e.g., communication with respective sensing devices 120A-
120C, 121A-121C, 122A-122C over any suitable wireless protocol
such as a cellular, satellite or other 1long or short range
communication protocol. Another of the communication modules
208 may be a “distant” communication module configured for,
e.g., communication with the one or more communicators 140
using, for example, antenna 211 as will be described in greater
detail below. In other aspects, a single communicator may be
used to communicate with both the sensing devices 120A-120C,

121A-121C, 122A-122C and the one or more communicators 140.

[0023] In one aspect any suitable antenna 210 may Dbe
connected to the communication module 203 for allowing any
suitable radio frequency communication with the sensing devices
120A-120C, 121A-121C, 122A-122C. The antenna 210 may be

disposed within the housing 299, mounted to or remotely located

11
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from the housing 299. In one aspect the antenna 210 may be a
directional antenna that 1is rotatable/swivelable to point in the
direction of a sensing device 120A-120C, 121A-121C, 122A-122C
for transmitting information to or receiving information from
the sensing device 120A-120C, 121A-121¢C, 122A-122C. The
directional antenna may improve gains received by the gateway
110 by directing the antenna at the sensing devices 120A-120C,
121A-121C, 122A-122C. In one aspect the antenna 210 may be
mounted on a rotatable mount and include any suitable drive
motor for rotating the antenna. The processor module 200 may
include a memory that is configured to store a directional
orientation of the antenna 210 for each of the sensing devices
120A-120C, 121A-121C, 122A-122C communicating with the gateway.
This directional orientation for each sensing device 120A-120C,
121A-121C, 122A-122C may be established using a 1line of sight
alignment while in other aspects the directional orientation may
be substantially automatically established and/or fine-tuned
using a signal strength of a sensing device communication. For
example, the processor unit 200 may wuse the antenna 210 to
monitor the signal strength of messages coming from the sensing
devices and adjust the directional orientation of the antenna
210 so that a maximum or best possible signal strength is
obtained and the directional orientation for the respective
sensing device is stored in memory. Adjustments to the
directional orientation of the antenna 210 may be made as
necessary by the gateway 110. In one aspect, upon installation
of a new or additional sensing device 120A-120C, 121A-121C,
122A-122C the gateway 110 may be configured to automatically
detect the new or additional sensing device by sweeping the
antenna 210 through the operational area of the gateway and
record the directional orientation of the antenna 210 for

communicating with the new or additional sensing device based on

12
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the signal strength of a message transmitted from that new or
additional sensing device. In other aspects the antenna 210 may

be an omnidirectional antenna.

[0024] Referring again to Fig. 1 and Fig. 3, 1in operation,
there may be groups of gateways 300-302 each having one or more
gateways 110A-110C, 310A-C, 300D-310F where each gateway 1is in
communication with the central controller 101 through, for
example, one or more communicators 140 which in this aspect are
cellular providers 140A, 140B, 140C. Using gateway group 300
and associated sensing device groups 120-122 as an example,
several levels of redundancy may be provided for communication
within the wvehicle parking meter system 100. As will be
explained in greater detail below there may be one level of
redundancy with respect to communication between the sensing
devices within the sensing device groups 120-122 and the
gateways 110A-110C. There may be another 1level of redundancy
between communications between the gateways 110A-110C and the
communicators 140A-140C. There may also be a level of
redundancy with respect to communications from the sensing
devices where sensing device messages are stored within a
gateway 110Aa-110C when one or more gateways and the

communicators 140A-140C are unavallable.

[0025] As noted above, each gateway 110A-110C may be paired
with its own group 120, 121, 122 of sensing devices. The
sensing devices 120A-120C, 121A-121C, 122A-122C may be any
suitable sensing devices such as those described in United
States Provisional Patent Applications having provisional patent
application numbers 61/824,512 and 61/824,609 filed on May 17,
2013 (now United States non-Provisional Patent Applications

regspectively having attorney docket numbers 1195P014931-US (PAR)

13
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and 1195P014932-US (PAR) and filed on May 19, 2014y, the
disclosures of which are incorporated herein by reference in
their entireties. In one aspect the sensing devices may detect
the arrival and departure of vehicles within associated parking
spaces. For example, one or more sensing devices may be located
(e.g. such as embedded in the road surface or otherwise) in each
parking space monitored by the vehicle parking meter system 100.
Fach gateway 1102-110C in the group of gateways 300 may provide
a redundancy for communication with the sensing device groups
120-122. In one aspect the gateways may be arranged or
otherwise positioned throughout a deployment area of the vehicle
parking meter system 100 so that each sensing device is capable
of communicating with at least two gateways. As an example,
gateway 1102 may be paired as a primary gateway with sensing
devices 120A-120C within sensing device group 120 (e.g. that
define a primary sensing device group for gateway 110A) and
paired as a secondary gateway with sensing devices within
sensing device groups 121, 122 (e.g. that define secondary
sensing device groups for gateway 1102). Gateway 110B may be
paired as a primary gateway with sensing devices 121A-121C
within sensing device group 121 (e.g. that define a primary
sensing device group for gateway 110B) and paired as a secondary
gateway with the sensing devices of sensing device groups 120,
122 (e.g. that define secondary sensing device groups for
gateway 110B). Gateway 110C may be paired as a primary gateway
with sensing devices 122A-122C within sensing device group 122
(e.g. that define a primary sensing device group for gateway
110C) and paired as a secondary gateway with sensing devices in
sensing device groups 120, 121 (e.g. that define secondary

sensing device groups for gateway 110C).

14



WO 2014/186789 PCT/US2014/038592

[0026] It is noted that a primary gateway 1s the gateway
given priority when communicating with a respective primary
sensing device group. Secondary gateways are configured to
communicate with their secondary sensing device groups when the
primary gateway for those secondary sensing device groups is
unavailable. In other words, each gateway 110A-110C in the
group of gateways 300 provides each sensing device 1in each
primary sensing device group with a redundant gateway (e.g. if
one of the gateways 110A-110C in the group of gateways 300 1is
unavailable the other gateways 110A-110C within that group of
gateways are configured to allow communication with the sensing
devices associated with the unavailable gateway). For example,
if gateway 110A is unavailable, either one of gateway 110B or
gateway 110C allows communication with the sensing devices of
sensing device group 120. Each gateway 110A-110C within the
group may be prioritized with each other with respect to the
redundant communication. The prioritization for communication
with a sensing device within a sensing device group 120-122 with
a secondary gateway (e.g. which secondary gateway is chosen for
communication and in what segquence) may be based on a proximity
of a secondary gateway to the primary sensing device group for
the unavailable gateway (e.g. so that the least amount of power
is used by the sensing devices when communicating with the
secondary gateway) or based on any other suitable criteria. In
one aspect the gateways 110A-110C are configured to listen for
messages from the sensing devices (e.g. primary sensing devices,
secondary sensing devices or both) and when a message 1is
received from a sensing device that message is acknowledged by
the gateway so that there is an indication sent back to the
sensing device that the message was received by the gateway. If
the sensing device does not receive an acknowledgement message

the sensing device then proceeds to communicate with each of the

15
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secondary gateways according to the gateway prioritization until

an operational gateway acknowledges the sensing device message.

[0027] In one aspect the gateways 110A-110C may be able to
communicate with each other and provide health and welfare
messages to each other regarding an operational state of the
gateway. If one gateway receives a message from another gateway
that it 1is wunavailable for communication with its primary
sensing device group the gateway receiving that message may
listen for messages from the primary sensing device group for
the unavailable gateway. The health and welfare message may
also be sent to the central controller 200 for system management
and monitoring where any unavailability in the system may be

addressed by maintenance personnel.

[0028] As noted above and still referring to Fig. 3, each
gateway may also be configured to communicate with the central
controller 101 (Fig. 1) through one or more communicators 140A-
140C which in this aspect may be cellular providers. Cellular
provider as used herein may refer to a cellular network access
point and/or cellular carrier. In other aspects any suitable
communication protocols may be used as mentioned above, where
each form of communication has one or more access points
available to the gateway groups 300-302. In still other aspects
each gateway may be connected to one or more communicators 140A-
140C over different communication protocols. For example,
gateways in group 300 may be connected to communicator 140A over
a cellular connection, connected to communicator 140B over a
public switched telephone network and connected to communicator
140C over a network connection such as the World Wide Web. Each
gateway group 300-302 may be associated or otherwise paired with

a predetermined (e.g. a primary) one of the communicators 140A-

16
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140cC. For example, the pairing between the communicators 140A-
140C and each group of gateways 300-301 may be based on, for
example, proximity (e.g. so the least amount of power may be
used for communication) between each group of gateways and the
cellular provider or any other suitable criteria. As may be
realized, one communicator 140A-140C may serve as a primary
cellular provider for more than one gateway group. Still using
gateway group 300 as an example, each gateway 110A-110C may be
capable of communicating with at least two cellular providers to
provide another level of redundancy in the vehicle parking meter
system 100. As an example, referring to Fig. 3, if a gateway
110A-110C in sensing device group 300 is paired with
communicator 140A as a primary communicator and with one or more
of the communicators 140B, 140C as secondary communicators (Fig.
4, Block 500) which may be prioritized for access in a manner
similar to that described above with respect to the gateway
access by the sensing devices (e.g. based on proximity so that
the gateway chooses the closest available cellular provider so
that the lowest power is used by the gateway for communication
with the cellular provider, preference of communication protocol
- e.g. wired or wireless, etc.). In one aspect, the gateways
110A-110C may be configured to determine the proximity of each
communicator 140A-140C to the gateway 110A-110C and communicate
with the closest available communicator 140A-140C to effect
power consumption efficiency of the gateway 110A-110C.
Preference may be given to the communicator 140A by the gateway
110A-110C when communicating with the central controller 101.
If the communicator 140A 1is unavailable the gateway 110A-110C
may switch communications to communicate with a secondary
communicator 140B, 140C according to any suitable predetermined
priority of the secondary cellular providers until an available

provider is found (Fig. 4, Block 510) (e.g. the gateway may look
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for the best communication between the gateway and a
communicator). As may be realized the gateway may be configured
to receive an acknowledgment message from the communicator 140A-
140C and 1if that acknowledgement message 1is not received the
gateway 110A-110C may then proceed to communicate with the other

cellular providers.

[0029] In another aspect the gateway 110A-110C may not switch
communicators 140A-140C 1if its ©primary communicator becomes
unavailable where the gateway 110A-110C is configured to wait to
re-establish communication with its primary communicator 140A-
140C (Fig. 4, Block 520). In one aspect the gateway 110A-110C
may be configured to wait a predetermined length of time before
switching between communicators 140A-140C. Here, there may be a
level of redundancy with respect to communications from the
sensing devices where sensing device messages are stored within
a gateway 110A-110C one or more communicators 140A-140C are
unavailable. In one aspect, using gateway 110A as an example,
gateway 110A may establish communication with communicator 140A
(which may be the primary communicator for gateway 110A). If
the communicator 140A becomes unavailable the gateway may store
messages from the one or more of the sensing device groups 120-
122 (e.g. primary sensing devices and/or secondary sensing
devices) within a memory of the gateway 110A (Fig. 4, Block
530) . The gateway may monitor the availability of the primary
communicator 140A and transmit the stored messages when the
gateway 110A re-establishes communication with the primary
communicator 140A. Fach message stored by the gateway 110A is
given a time stamp indicating when the message was received by
the gateway 110A so that, for example, the arrival, departure,
violation, and other messages from the sensing devices can be

accurately tracked and applied to user accounts by the central
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controller 101. When communication 1s re-established with the
communicator 140A the gateway 110A transmits the message with
the time stamp to allow the central controller 101 to monitor
the activity of the corresponding parking spaces (Fig. 4, Block
540) . Where one or more gateways 110A-110C are unavailable and
communication with the communicators 140A-140C cannot be
established the sensing devices will communicate with the
primary and secondary gateways 110A-110C until an available
gateway (e.g. referred to herein as a store forward gateway) 1is
found. In this case only the store forward gateway will store
the time stamped messages until communication is re-established
with either another gateway or at least one of the communicators
140A-140C (Fig. 4, Block 550). In one aspect if the messages
are stored in a secondary gateway and communication 1is re-
established with the primary (or other optimal) gateway the
secondary gateway may transfer the messages (Fig. 4, Block 560)
to the primary gateway for transmission to the central
controller 101. If the communicators are unavailable after the
transfer of the messages to the primary gateway the primary
gateway may store the messages until communication is re-
established with the communicators. In another aspect, the
secondary gateway may tTransfer the messages to the central
controller when communication is re-established with one or more
of the communicators 140A-140C. In still another aspect if
there are no available gateways 110A-110C the sensing devices
120A-120C, 121A-121C, 122A-122C time stamp and store the
messages and send the stored messages when one or more gateways

re—establishes communication with the sensing devices.

[0030] In one aspect each gateway 110A-110C communicates with
their respective sensing devices 120A-120C, 121A-121C, 122A-122C

over any suitable wired or wireless communication interface
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(that e.g. may be substantially similar to that described above
between the gateways and the communicators) in a time division
duplexing (TDD) manner using a pseudo random channel seguence.
For example, the sensing devices may 1initiate a message (e.g.
that includes data embodying a status of a parking space being
monitored and/or a health and maintenance status of the sensing
device) that requires or otherwise results in a response from a
gateway 110 (either primary or secondary gateway), and “sleeps”
or otherwise removes itself from active engagement with the
gateway 110 until the sensing device determines that it is time
to ready itself for communication with the gateway 110. In one
aspect the gateway 110 and the sensing device 400 may
communicate over a wireless communication link where the
transmission of messages and responses can be sent over any of a
plurality of available transmission frequencies. For example,
each gateway 110A-110C may transmit continuously using TDD and
may be capable of changing communication channels/frequencies
(it is noted that the terms channel and frequency are used
interchangeably herein) according to a predetermined
channel/frequency switching scheme. It is noted that each
gateway may have a respective channel/frequency switching scheme
that 1s different from the channel/frequency switching scheme of
other gateways. The gateway 110 may hop between any suitable
number of frequencies when communicating with the sensing
devices 400 over any suitable frequency band. In one aspect, as
an example, the gateway 110 may hop between 50 frequencies over
a frequency band of 902 Mhz to 928 Mhz while in other aspects
the number of frequencies may be more or less than 50 and the
frequency band may be higher or lower than 902 Mhz to 928 Mhz.
In one aspect with each channel change, an outgoing message is
transmitted by the gateway 110A-110C and then the gateway 110A-

110C listens for response messages from the respective sensing
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devices 120A-120C, 121A-121C, 122A-122C. As such, at any given
time the gateway 110A-110C is communicating with each of the
respective (e.g. primary and secondary) sensing devices 120A-
120C, 121A-121C, 122A-122C over a common communication channel.
In one aspect the channel rate change may be, for example,
approximately 100 mSec and the outgoing message from the gateway
110A-110C may use approximately 40% of the channel communication
window allowing for long sensing device response times. In
other aspects the channel rate change may be any suitable time
interval (e.g. more or less than 100 mSec) and the outgoing
message may use any suitable percentage of the channel
communication window. The processor module 200 (Fig. 2) of each
gateway 110A-110C may be configured with any suitable number of
channel hopping sequences such as for example, 256 channel
hopping sequences. Each gateway may also be assigned any
suitable address identifier such as, for example, a 16 bit
address identifier that is unique to each gateway 110A-110C.
Fach gateway 110A-110C may be configured to broadcast its unique
address identifier in, for example, the outgoing message so that
the sensing devices may listen for the address identifier and
determine which gateway 110A-110C they can communicate with.
Once communication 1is established between the gateway 110A-110C
and the respective sensing device(s) 120A-120C, 121A-121C, 122A-
122C predetermined parameters of the gateway (such as, e.g., the
address identifier and channel hopping sequence) that are needed
by the sensing devices for communication with the gateway may be
updated at any suitable time such as on an as needed basis or at

any suitable predetermined time frequency.

[0031] In one aspect the gateway 110A-110C may be configured
for adaptive channel/frequency hopping so that a channel 1is

changed and/or avoided when, for example, an error rate for
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particular channels exceeds a predetermined error rate
threshold. 2As an example, if there is a frequency jam or other
error the gateway is configured to select a new
channel/frequency to be used in the hopping sequence. It is
noted that in one aspect all of the gateways in a gateway group
transmit messages substantially at the same time and listen for
messages from the sensing devices substantially at the same time
to, for example, reduce a possibility of self jamming. In other
aspects any number of the gateways in the distributed remote
sensing system may transmit at substantially the same time and
listen substantially at the same time to, for example, reduce a
possibility of self Jjamming. Similarly it is noted that any
suitable number of sensing devices 400 may communicate with the
gateways at substantially the same time. The gateway 110A-110C
may send a “next hop index” message in every time slot of the
outgoing message such that, when compared to a hop index of the
sensing devices 120A-120C, 121A-121C, 122A-122C, the next
channel being “hopped to” should match in both the gateway hop
sequence index and a sensing device hop sequence index. In one
aspect several spare channels known to both the gateway 110A-
110C and their respective sensing devices 120A-120C, 121A-121C,
122A-122C may be available. The gateway 110A-110C may be
configured to dynamically direct the sensing devices to select
the spare channel, 1if that spare channel is a valid spare for

the particular channel hopping sequence.

[0032] In accordance with one or more aspects of the
disclosed embodiment a distributed remote sensing system 1is
provided. The distributed remote sensing system includes a
group of gateways and a sensing device group associated with

each gateway in the group of gateways wherein the sensing device
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group associated with one gateway 1is different than another

sensing device group associated with a different gateway.

[0033] In accordance with one or more aspects of the
disclosed embodiment the distributed remote sensing system

comprises a parking monitoring system.

[0034] In accordance with one or more aspects of the
disclosed embodiment, one gateway 1n the group of gateways
provides a redundant gateway for at least one sensing device of

at the least one different gateway.

[0035] In accordance with one or more aspects of the
disclosed embodiment each sensing device in each sensing device

group 1is a vehicle detection sensor.

[0036] In accordance with one or more aspects of the
disclosed embodiment each gateway 1is configured for wireless

communication with respective sensing devices.

[0037] In accordance with one or more aspects of the
disclosed embodiment each gateway includes a swivelable
directional antenna for communication with respective sensing

devices.

[0038] In accordance with one or more aspects of the
disclosed embodiment each gateway includes a processor unit
configured to control a directionality of the directional

antenna.

[0039] In accordance with one or more aspects of the
disclosed embodiment each gateway includes a solar panel and a
power storage unit, where the solar panel effects at least

recharging of the power storage unit.
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[0040] In accordance with one or more aspects of the
disclosed embodiment the solar panel ©provides ©power for

operation of a respective gateway.

[0041] In accordance with one or more aspects of the
disclosed embodiment each gateway 1in the group of gateways 1is
prioritized in a communication sequence for providing redundant

communication for the at least one sensing device group.

[0042] In accordance with one or more aspects of the
disclosed embodiment each gateway 1s configured to time stamp
each communication received from a sensing device of the at

least one sensing device group.

[0043] In accordance with one or more aspects of the
disclosed embodiment the distributed remote sensing system
includes a central controller, each gateway being configured for
communication with the central controller through at least one
wireless access point. Each gateway is configured to store time
stamped messages from sensing devices when the at least one

wireless access point is unavailable.

[0044] In accordance with one or more aspects of the
disclosed embodiment a distributed remote sensing system 1is
provided. The distributed remote sensing system includes a
network of gateways and sensing devices. The network of
gateways and sensing devices includes at least one gateway group
where each gateway 1in the gateway group 1s paired to multiple
sensing devices that define a primary sensing device group for a
respective gateway. Each gateway providing each sensing device
in the primary sensing device group for a different gateway with

a redundant gateway.
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[0045] In accordance with one or more aspects of the
disclosed embodiment the distributed remote sensing system

comprises a parking monitoring system.

[0046] In accordance with one or more aspects of the
disclosed embodiment each gateway has a different frequency

switching scheme for communicating with the sensing devices.

[0047] In accordance with one or more aspects of the
disclosed embodiment the distributed remote sensing system
includes a central controller, each gateway being configured to
communicate with the central controller through a respective

wireless access point.

[0048] In accordance with one or more aspects of the
disclosed embodiment a distributed remote sensing system
includes a central controller, at least one wireless access
point and a group of gateways where each gateway is paired with
a group of sensing devices to define a primary sensing device
group and where the group of gateways provide at least two
levels of redundancy for communication within the distributed

remote sensing system.

[0049] In accordance with one or more aspects of the
disclosed embodiment the distributed remote sensing system

comprises a parking monitoring system.

[0050] In accordance with one or more aspects of the
disclosed embodiment each of the gateways 1s configured to
switch between more than one of the at least one wireless access
point for communication with the central controller when one of

the at least one wireless access point is unavailable.
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[0051] In accordance with one or more aspects of the
disclosed embodiment each gateway 1s configured to store
messages from the sensing devices when communication to the
central controller through the at least one wireless access

point is unavailable.

[0052] In accordance with one or more aspects of the
disclosed embodiment each gateway is a redundant gateway to a
group of sensing devices paired with a different gateway to

define a redundant sensing device group.

[0053] In accordance with one or more aspects of the
disclosed embodiment each gateway communicates with the primary
sensing device group and the redundant sensing device group over

a common communication channel.

[0054] In accordance with one or more aspects of the
disclosed embodiment each gateway communicates with respective

sensing devices using time division duplexing.

[0055] In accordance with one or more aspects of the
disclosed embodiment a method includes pairing at least one
gateway with a primary communicator and at least one secondary
communicator for providing communication between the at least
one gateway and a central controller. The method further
includes switching from the primary communicator to the at least
one secondary communicator when communication between the at
least one gateway and the primary communicator 1s unavailable
and storing messages within the at least one gateway when
communication between the at least one gateway and the at least
secondary communicator is unavailable. The method also includes
transmitting the messages when communication with the primary or

the at least one secondary communicator is re-established.
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[0056] It should be understood that the foregoing description
is only illustrative of the aspects of the disclosed embodiment.
Various alternatives and modifications can be devised by those
skilled in the art without departing from the aspects of the
disclosed embodiment. Accordingly, the aspects of the disclosed
embodiment are intended to embrace all such alternatives,
modifications and wvariances that fall within the scope of the
appended claims. Further, the mere fact that different features
are recited in mutually different dependent or
independent claims does not indicate that a combination of these
features cannot be advantageously wused, such a combination

remaining within the scope of the aspects of the invention.

[0057] What 1s claimed is:
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10.

1.

CLAIMS

A distributed remote sensing system comprising:

a group of gateways; and

a sensing device group associated with each gateway in the group of gateways wherein the
sensing device group associated with one gateway is different than another sensing device
group associated with a different gateway, wherein each sensing device of the sensing device
group is independently associated with the gateway associated with the sensing device
group, said independent association

between each sensing device and the associated gateway is predefined independently of a
relative position between the associated gateway and each sensing device, wherein the
independent association effecting the association between the sensing device group and the

associated gateway.

The distributed remote sensing system of claim 1,wherein the distributed remote sensing
system comprises a parking monitoring system.

The distributed remote sensing system of claim 1, wherein one gateway in the group of
gateways provides a redundant gateway for at least one sensing device of the different
gateway.

The distributed remote sensing system of claim 1, wherein each sensing device in each
sensing device group is a vehicle detection sensor.

The distributed remote sensing system of claim 1, wherein each gateway is configured for
wireless communication with respective sensing devices.

The distributed remote sensing system of claim 1, wherein each gateway includes a
swivelable directional antenna for communication with respective sensing devices.

The distributed remote sensing system of claim 6, wherein each gateway includes a
processor unit configured to control a directionality of the directional antenna.

The distributed remote sensing system of claim 1, wherein each gateway includes a solar
panel and a power storage unit, wherein the solar panel effects at least recharging of the
power storage unit.

The distributed remote sensing system of claim 8, wherein the solar panel provides power for
operation of a respective gateway.

A distributed remote sensing system comprising:

a group of gateways; and

a sensing device group associated with each gateway in the group of gateways wherein the
sensing device group associated with one gateway is different than another sensing device
group associated with a different gateway, wherein each gateway in the group of gateways is
prioritized in a communication sequence for providing redundant communication for the

sensing device group.

The distributed remote sensing system of claim 1, wherein each gateway is configured to time
stamp each communication received from a sensing device of the sensing device group.
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13.
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20.

The distributed remote sensing system of claim 1, further comprising a central controller, each
gateway being configured for communication with the central controller through at least one
wireless access point.

The distributed remote sensing system of claim 12, wherein each gateway is configured to
store time stamped messages from sensing devices when the at least one wireless access
point is unavailable.

A distributed remote sensing system comprising:

a network of gateways; and
sensing devices;

wherein the network of gateways and sensing devices includes at least one gateway group
where each gateway in the gateway group is paired to multiple sensing devices that define a
primary sensing device group for a respective gateway, where the pairing is predefined
independently of a relative position between the primary sensing device group and the
respective gateway, and wherein each gateway providing each sensing device in the primary

sensing device group for a different gateway with a redundant gateway.

The distributed remote sensing system of claim 14, wherein the distributed remote sensing
system comprises a parking monitoring system.

The distributed remote sensing system of claim 14, wherein each gateway has a different
frequency switching scheme for communicating with the sensing devices.

The distributed remote sensing system of claim 14, further comprising a central controller,
each gateway being configured to communicate with the central controller through a
respective wireless access point.

A distributed remote sensing system comprising:

a central controller;

at least one wireless access point; and

a group of gateways where each gateway is paired with a

group of sensing devices to define a primary sensing device group for a respective gateway,
wherein the primacy of the primary sensory device group is predefined independently of a
relative position between the primary sensing device group and the respective gateway, and
where the group of gateways provide at least two levels of redundancy for communication
within the distributed remote sensing system.

The distributed remote sensing system of claim 18, wherein the distributed remote sensing
system comprises a parking monitoring system.

A distributed remote sensing system comprising:

a central controller;

at least one wireless access point; and

a group of gateways where each gateway is paired with a

group of sensing devices to define a primary sensing device group and where the group of

gateways provide at least two levels of redundancy for communication within the distributed
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remote sensing system, wherein each of the gateways is configured to switch between more
than one of the at least one wireless access point for communication with the central
controller when one of the at least one wireless access point is unavailable.

The distributed remote sensing system of claim 18, wherein each gateway is configured to
store messages from the sensing devices when communication to the central controller
through the at least one wireless access point is unavailable.

The distributed remote sensing system of claim 18, wherein each gateway is a redundant
gateway to a group of sensing devices paired with a different gateway to define a redundant
sensing device group.

The distributed remote sensing system of claim 18, wherein each gateway communicates
with the primary sensing device group and the redundant sensing device group over a
common communication channel.

The distributed remote sensing system of claim 18, wherein each gateway communicates
with respective sensing devices using time division duplexing.

A method comprising:

pairing at least one gateway with a primary communicator

and at least one secondary communicator for providing communication between the at least
one gateway and a central controller;

switching from the primary communicator to the at least one secondary communicator when
communication between the at least one gateway and the primary communicator is
unavailable; and

storing messages within the at least one gateway when communication between the at least

one gateway and the at least secondary communicator is unavailable.

The method of claim 25, further comprising transmitting the messages when communication

with the primary or the at least one secondary communicator is re-established.
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