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LIGHT MANAGEMENT SYSTEM HAVING NETWORKED
INTELLIGENT LUMINAIRE MANAGERS

ABSTRACT

A light management system having networked intelligent luminaire
managers. A plurality of networked luminaire managers, each collocated with
a respective luminaire, monitor the status of their respective luminaires. The
luminaire managers include transmitters for transmitting status information-
about their respective luminaires such as, for example, a lamp out condition
upon occurrence of such a lamp out condition, to a network server. The
network server forwards the received status information from the networked
luminaire managers to a computer of an owner/operator of the plurality of
luminaires. The luminaire managers communicate with each other, whereby

they form a network.
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LIGHT MANAGEMENT SYSTEM HAVING NETWORKED INTELLIGENT
LUMINAIRE MANAGERS

FIELD OF THE INVENTION

[0001] The present invention generally relates to light system management. More
particularly, it relates to controlling and managing outdoor lighting units using a light
management system having networked intelligent luminaire managers, and applications

thereof.

BACKGROUND OF THE INVENTION

[0002] It is estimated that there are more than 60 million outdoor lights in the United
States autonomously controlled by conventional photo-controls. These outdoor lights,
when properly working, simply react to ambient light conditions, for example, to turn-on
at dusk and turn-off at dawn. This method of operating outdoor lights results in many
lights being on when they are not needed, and it significantly increases outdoor lighting
system operating costs.

[0003] The use of ¢onventional photo-controls to control outdoor lights (luminaires) also
leads to maintenance and repair issues. There are significant costs associated with hiring
qualified maintenance personnel and buying equipment such as, for example, special
maintenance vehicles required to access light fixtures for replacing lamps and servicing
electrical components. To discover faulty fixture operations, light system owners and
operators must resort to sending maintenance personnel to do "drive-by" visual
examination of all units, which often number in the thousands or wait for a customer to
report a malfunction. This drive-by must be done at night to detect non-functioning
fixtures. These high costs limit how many lights can be repaired or serviced on any given
day and force many light system operators to maintain their outdoor lights on an as
needed basis (i.e., only when they are notified of an inoperable light). Understandably,
this maintenance methodology is highly inefficient because it ties up resources as crews

and equipment randomly travel to failed, geographically dispersed outdoor lights.
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[0004] Lighting system operators (e.g., electric utilities) have tried to limit the time,
equipment, and personnel spent on any given outdoor light by conducting group
maintenance programs, where lights within a given geographical area are maintained on a
scheduled basis. This approach reduces travel time between lights. In order to
implement this maintenance methodology, light system operators must estimate lighting
equipment life expectancy and schedule maintenance in each geographical area when
lighting outages in the area are expected to reach a predetermined level. While this
methodology has certain benefits, maintenance crews often replace good equipment that
has significant additional life remaining. Consequently, this maintenance methodology
results in maintenance crews throwing away good equipment and visiting outdoor lights
that do not require maintenance. Locating light fixtures with failed lamps is a problem
since roadway fixtures are only on at night and most maintenance crews work during the
day.

[0005] What is needed is a new light management system that overcomes the deficiencies

noted above.

SUMMARY

[0006] There is provided a light management system having networked intelligent
luminaire managers, and applications thereof. In an embodiment, a plurality of
networked luminaire managers, each collocated with a respective luminaire, monitor the
status of their respective luminaires. Each luminaire manager includes a transmitter for
transmitting status information about its respective luminaire such as, for example, a
lamp out condition upon occurrence of such a lamp out condition, to a network server.
Each Luminaire manager also has a receiver to receive and re-transmit data from other
luminaire managers. The network server forwards the received status information from
the networked luminaire managers to a computer of a light system owner/operator. The
luminaire managers communicate with each other, whereby they form a network.

[0007] In accordance with an aspect, there is provided management system for managing
a plurality of luminaires, comprising: a plurality of intelligent luminaire managers, each

intelligent luminaire manager being collocated with an associated luminaire and
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configured to monitor and transmit status information for the associated luminaire, the
status information including at least an indication of a bad luminaire condition upon
occurrence of a bad luminaire condition, wherein the bad luminaire condition is
determined by an intelligent luminaire manager determining whether a current provided
to the luminaire exceeds a threshold current and, if the current exceeds a threshold
current, determining whether a calculated real power exceeds a threshold value; and a
network server within a network operation center for receiving transmitted status
information from the plurality of intelligent luminaire managers and for communicating
at least a portion of the status information to a computer of an operator of the plurality of
luminaires.

[0007.1] In accordance with another aspect, there is provided an intelligent luminaire
manager, comprising: a voltage sensor for measuring a voltage provided to a luminaire;
a current sensor for measuring a current provided to the luminaire; a controller coupled to
the voltage sensor and the current sensor; and a‘luminaire diagnostic program stored in a
memory of the controller, wherein the luminaire diagnostic program calculates real power
for the luminaire based upon the measured voltage and measured current, and generates a
bad luminaire message based at least in part on whether the current provided to the
luminaire exceeds a threshold current and, if the current exceeds a threshold current,

determining whether a calculated real power exceeds a threshold value.
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[6008] Features and advantages of the present invention, as well as the
structure and operation of various embodiments of the present
invention, are described in detail below with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0009] The accompanying drawings, which are incorporated herein
and form part of the specification, illustrate the present invention and,
together with the description, further serve to explain the principles of
the invention and to enable persons skilled in the pertinent arts to make
and use the invention.

[0010] In the drawings, like reference numbers indicate identical or
functionally similar elements. Additionally, the left-most digit of the
reference number indicates a drawing in which the reference number
first appears.

[0011] FIG. 1 is a diagram illustrating a light management system
according to an embodiment of the present invention.

[0012] FIG. 2 is a diagram illustrating street lights networked together
using intelligent luminaire managers according to an embodiment of
the present invention.

[0013] FIG. 3A is a diagram illustrating an intelligent luminaire
manager according to an embodiment of the present invention.

[0014] FIG. 3B is a block diagram illustrating a luminaire and the
intelligent luminaire manager of FIG. 3A according to an embodiment
of the present invention.

[0015] FIG. 3C is a circuit diagram illustrating a luminaire and the
intelligent luminaire manager of FIG. 3A according to an embodiment
of the present invention.

[0016] FIG. 3D is a circuit diagram further illustrating the intelligent
luminaire manager of FIG. 3A according to an embodiment of the
present invention.

[6017] FIG. 3E is a flow chart illustrating the steps of a method for

detecting cycling according to an embodiment of the present invention,
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which is implemented by embodiments of the intelligent luminaire
manager of FIG. 3A.

[0018] FIG. 3F is a flow chart illustrating the steps of a method for
detecting a bad lamp according to an embodiment of the present
invention, which is implemented by embodiments of the intelligent
luminaire manager of FIG. 3A.

[0019] FIG. 3G is a flow chart illustrating the steps of a method for
detecting a bad fixture according to an embodiment of the present
invention, which is implemented by embodiments of the intelligent
luminaire manager of FIG. 3A.

[0020] FIG. 3H is a flow chart illustrating the steps of a method for
predicting lamp failure according to an embodiment of the present
invention, which is implemented by embodiments of the intelligent
luminaire manager of F1G. 3A.

[0021] FIG. 3I is a graph illustrating fixture power as a function of
time during startup of a high intensity gas discharge lamp.

[0022] FIG. 4A is a diagram illustrating a network operation center
according to an embodiment of the present invention.

[0023] FIG. 4B is a diagram illustrating geographically distributed
network operational centers according to an embodiment of the present
invention.

[0024] FIG. 5A is a diagram illustrating a light system owner/operator
according to an embodiment of the present invention.

[0025] FIG. 5B is a diagram illustrating an intelligent luminaire
manager field unit according to an embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention provides a light management system
having networked, intelligent luminaire managers, and applications
thereof. In the detailed description of the invention that follows,
references to "one embodiment", "an embodiment”, "an example

embodiment”, etc., indicate that the embodiment described may
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include a particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular feature,
structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge of one
skilled in the art to effect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly
described.

[6027] FIG. 1 illustrates a light management system 100 having
networked intelligent luminaire managers 112 according to an
embodiment of the present invention. As illustrated in FIG. 1, light
management system 100 includes networks 102a and 102b, a network
operation center 106, light system owner/operators 108a and 108b, and
third-party users 110. These subsystems of system 100 are linked
together using appropriate communication means such as, for example,
radio frequency communications, optical communications and/or
power line carrier to form communications backbone 104.

[0028] Each of the networks 102a and 102b includes several intelligent
luminaire managers (ILMs) 112 and a master control 114. The
intelligent luminaire managers 112 communicate with each other and
with master controller 114 using, for example, short-range radio
frequency (RF) communication links. In an embodiment, these RF
communication links operate in the 900 MHz unlicensed band and
have a range of about 1000 feet. As described further below with
reference to FIGS. 2 and 3, each of the intelligent luminaire managers
112 controls operation of a light fixture, also called a luminaire.

[0029] Networks 102a and 102b in FIG. 1 each monitor and control
operation of an outdoor light system or subsystem. These outdoor light
systems are represented as being operated and maintained by light
system owner/operators 108a and 108b respectively. Accordingly, data
collected by intelligent luminaire managers 112 regarding the status of
the light system represented by network 102a is forwarded to

owner/operator 108a. Data collected by intelligent luminaire managers
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112 regarding the status of the light system represented by network
102b is forwarded to ownet/operator 108b. Owner/operators 108a and
108b also have the capability to send commands to and/or reprogram
operation of the intelligent luminaire managers coupled to their lights
using the data network shown in FIG. 1. This allows owner/operators
108a and 108b to adjust the operation of their respective light system.

[0030] In preferred embodiments of the present invention, networks
102 are peer-to-peer networks and/or mesh networks. These networks
support three levels of devices: master controllers 114; network routing
devices, for example, intelligent luminaire manager 112; and other
nodes such as RF device 202 (see FIG. 2).

[0031] Each of the network links between intelligent luminaire
managers 112 includes a two-way communication channel. These two-
way communication channels between intelligent luminaire managers
112 support, for example, over the air or power-line carrier re-keying
and re-programming of these intelligent control device. This allows
for on-demand, tumm-on and tum-off, for example, of selected street
lights coupled to intelligent luminaire managers 112.

[0032] In an embodiment, each intelligent luminaire manager 112
maintains an internal clock which is synchronized throughout the
entire network. The clock may be local to the device or maintained at a
selected location and transmitted to each luminaire manager 112. This
permits accurate date/time stamps to be added to data sent to network
operations center 106 and for time-based control of intelligent
luminaire managers 112.

[0033] In embodiments of the present invention, intelligent luminaire
managers 112 support commands sent from master controller 114 to
alternate routing paths. Additionally, intelligent luminaire managers
112 will automatically attempt to reconnect to network 102 if a signal
is lost for more than a selected period of time (e.g., after 15 minutes,
after 30 minutes, after 60 minutes, etc.). Each intelligent luminaire
manager 112 is capable of rerouting data through an alternative path,
should one or more of the intelligent luminaire managers 112 fail.

When a failed or new intelligent network controller 112 reenters

2429.0010001
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network 102, other devices within the network pass on the activation or
installation of the new intelligent luminaire manager to other network
routing devices.

[0034] Additional details about the operation of intelligent luminaire
managers 112 are described below.

[0035] Master controllers 114a and 114b serve as gateways between
their associated intelligent luminaire managers 112 and network
operation center 106. Each master controller 114 is coupled to network
operation center 106 through a communication backbone channel 104.
In embodiments, communication backbone channels 104 can be, for
example, electrical and/or optical land line communication channels,
satellite communication channels, paging network channels, power line
carrier channels, RF links and/or cellular communication channels.
These communication channels can include public and/or private
communication means (e.g., utility owned lines and/or the Internet).

[0036] In one embodiment, network operation center 106 couples to
master controllers 114 via an internet protocol infrastructure provided
by third party carrier network services. Master controllers 114
preferably provide data concentration and compression, and thereby
reduce the overall service fees for third party leasing arrangements of
communication services. Master controllers 114 also preferably
include a data storage capability so that data to and from intelligent
luminaire managers 112 can be stored during network communication
disruptions and transmitted after communications are restored.

[0037] In an embodiment, each master controller 114 connects with
network operation center 106 at predetermined times and uploads the
current status of all intelligent luminaire managers 112 within its area
of responsibility and any devices that have entered network 102 since
its last update to network operations center 106. For high-priority
communications, such as, for example, detection of a failed lamp,
master controller 114 may make unscheduled communications to
network operation center 106.

[0038] Preferably, each master controller 114 is responsible for linking

several intelligent luminaire managers 112 to network operation center

2429.0010001



CA 02559153 2014-06-09
-9.-

106. For example, in one embodiment, more than 500 intelligent luminaire managers
may be linked by a single master controller 114 to network operation center 106. It is a
feature of each master controller 114 that it can be programmed from network operation
center 106.

[0039] In certain embodiments, master controller 114 is capable of inheriting the
features of network 102 routing devices, such as intelligent luminaire manager 112, for
communications within network 102. Master controller 114 also can implement, for
example, a TCP/IP stack for communications over communication backbone channel
104 with network operation center 106. Master controller 114 preferably includes
memory such as card slot non-volatile storage or compact flash memory and caches
data representing the status of all intelligent [uminaire managers 112 for which it is
responsible.

[0040] As described in more detail below, in embodiments, master controller 114
provides authentication and authorization to radio frequency devices wanting to enter
network 102. Master controller 114 communicates with intelligent luminaire managers
112 and optimizes routing within its network cluster. Master controller 114 also
preferably includes a backup energy source sufficient to power master controller 114,
for example, for up to 24 hours of operation.

[0041} Network operation center 106 provides a variety of services for light system
owner/operators 108. These services include, for example, 24-hour-a-day, seven-day-a-
week data storage and forwarding services for data flowing between light system
owner/operators 108 and their respective intelligent luminaire managers 112. Network
operation center 106 is preferably responsible for configuring, monitoring, and
operating the router switches and other communication equipment that comprise the
data network illustrated by FIG. 1. In an embodiment, network operation center 106
manages and allocates internet protocol addresses and domain names for the data
network, manages and allocates nodes for the data network, provides database
management services, network security management, and other network services.

[0042] As illustrated in FIG. 1, network operation center 106 interfaces with a plurality

of light system owner/operators 108 and/or
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other appropriate entities. Each light system ownet/operator is shown comprising a light
system manager 109 and a maintenance unit 111. Maintenance personnel 120 from the
maintenance units are responsible for repairing, replacing and maintaining their own
respective light systems. Maintenance personnel 120 may also be responsible for initial
installation and activation of their intelligent luminaire managers 112 with the aid of a
wireless device such as a personal data assistant (PDA) hosted, intelligent luminaire
manager field unit 122, or another microprocessor based device. This field unit is
described in more detail below with reference to FIGS. SA and 5B.

[0043] In operation, system 100 performs as illustrated by the following example cycle
of events. An owner/operator 108 of an outdoor light system wishes to reduce operation
and maintenance costs associated with his or her light system. The owner/operator 108
therefore has maintenance personnel 120 install and activate intelligent luminaire
managers 112 according to the present invention on each of the lights of the light
system, for example, as the conventional photo-controls are replaced due to failures. A
master controller 114 is also installed in the vicinity of one of the intelligent luminaire
managers (e.g., on a nearby pole or building rooftop).

[0044] During the installation and activation of each intelligent luminaire manager,
selected information such as the intelligent luminaire manager's identification number,
GPS grid coordinates for the location of the installation, the type of light equipment
being controlled, a digital photo of the installation, and/or initial equipment parameters
is collected by maintenance personnel 120 with the aid of the PDA hosted field unit
122. This information is then stored in the owner/operator's maintenance system
records. In embodiments, the PDA hosted field unit 122 can communicate with
intelligent luminaire managers 112 as well as master controllers 114 to receive
information and/or upload information.

[0045] Using the services of network operation center 106 and a computer connected to
nctwork operation center 106 (e.g., via a secure Internet link), ownet/operator 108 is

able to monitor and control
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his or her lights. For example, if a light fails or is determined to be
degraded, the intelligent luminaire manager 112 coupled to the light
sends an alarm to owner/operator 108, indicating that a failure has
occurred or is likely to occur, via the network and network operation
center 106. This alarm notifies light system owner/operator 108 of the
changed light system status and allows owner/operator 108 to take
appropriate action.

[0046] In one embodiment, the alarm interacts automatically with the
ownetr/operator's maintenance program and generates a work order that
tells maintenance personnel 120 what actions are needed. The work
order might include, for example, the time of the alarm, the location of
the degraded or failed equipment, and what equipment or parts are
needed to correct the problem that caused the alarm. This work order is
down-loaded into the PDA-hosted intelligent luminaire manager field
unit and used to guide maintenance personnel 120 to the site of the
degraded or failed equipment. Once the repairs to the light are made,
intelligent luminaire manager 112 updates the status for the light and
the alarm is cleared. In an alternative embodiment, the alarm is cleared
only when owner/operator 108 updates his or her maintenance records,
for example, using data collected by the intelligent luminaire manager
field unit 122 while the repair was being performed. In another
embodiment, failure is only reported to owner/operator 108 when the
failure has occurred a specified number of days in a row.

[0047] Once owner/operator 108 has installed intelligent luminaire
managers on his or her lights, owner operator 108 can control when the
lights are turned-on and turned-off. This is achieved by sending
commands over the data network to individual or assignable groups of
inteltigent luminaire managers 112 and/or reprogramming a control
program stored in a memory of each intelligent [uminaire manager or
group of assignable intelligent luminaire managers. More details
regarding the functionality of intelligent luminaire managers 112 is
provided below.

[0048] Also shown in FIG. 1 are third-party users 110. Third-party

users 110 are managers/users of system 100 other than light system
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owner/operators 108 and network operation center 106 personnel. For
example, a third party user 110 may be someone hired by an
owner/operator 108 to operate his or her light system or someone who
is leasing, or otherwise appropriately using, bandwidth in system 100
as explained in more detail below with reference to FIG. 2.

[0049] FIG. 2 illustrates a plurality of street lights 200 that form part
of a light system operated and maintained by an owner/operator 108.
Each street light 200 is equipped with an intelligent luminaire manager
112 mounted, for example, on top of a light fixture 204 of street lamp
200. In the embodiment shown, intelligent luminaire manager 112 is
preferably configured and housed in an enclosure that conforms to
appropriate NEMA and ANSI standards so that it can be exchanged
one-for-one with a prior-existing photo-control used to control light
fixture 204. This compatibility allows intelligent luminaire manager
112 to be installed on a light fixture 204 without requiring a new
mount and without requiring any rewiring or physical modification of
the fixture. Persons skilled in the relevant arts are familiar with
industry standards such as NEMA and ANSI C136 standards, and they
will understand, based on the disclosure herein, how to adapt
intelligent luminaire manager 112 for selected applications and
customers.

[0050] As shown in FIG. 2, an intelligent luminaire manager 112
communicates using an RF communication link with its neighbors
mounted on neighboring street lights 200. In an embodiment, an
intelligent luminaire manager 112 also is capable of communicating
with other nearby devices that include, for example, an RF device 202.
This communication can be unidirectional or bidirectional. The
unidirectional communication can be from RF device 202 to intelligent
luminaire manager 112 or from intelligent luminaire manager 112 to
RF device 202 depending on whether RF device 202 is a transmitting
device or a receiving device. Communication with an RF device 202 is
established when an RF device 202 enters into the communication

space of an intelligent luminaire manager 112 and is authorized to
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become a part of the network formed by intelligent luminaire manager
112 and its neighbors.

[0051] In one embodiment, RF device 202 may become a part of a
network by transmitting a signal that is received by a communications
unit inside intelligent luminaire manager 112. Intelligent luminaire
manager 112 then reports the presence of RF device 202 to network
operation center 106, via the network and a master control 114. RF
device 202 may be allowed to simply transmit data over the network,
or it may be allowed to transmit and receive data. This communication
can be either open or encrypted. Intelligent luminaire manager 112 is
able to block communications from RF device 202 if RF device 202 is
assessed to be functioning improperly or if the RF device's access is
denied based on a blacklist maintained by the network operations
center or if the RF device is interfering with the routing of higher
priority traffic.

[0052] In embodiments of the present invention, RF device 202 is
referred to as a blind slave. A blind slave is a device controlled by
intelligent luminaire manager 112. One example use of a blind slave is
to control the operation of an outdoor light (e.g., a house porch light or
a driveway light). The blind slave coupled to the light receives
commands from a nearby intelligent luminaire manager 112 to turn-on
and turn-off the light, for example, in conjunction with the luminaire
controlled by the intelligent luminaire manager 112, In one
embodiment, blind slaves may be controlled by a utility in order to
limit power usage during periods of high power demand and thereby
prevent brown-outs or black-outs from occurring. The use of blind
slaves is not limited to just photo control.

[0053] In embodiments of the present invention, the communication
links between intelligent luminaire managers 112 can include, for
example, power line carrier communication links or optical
communication links. Thus, the present invention is not limited to
using only RF communication links.

[0054] As described further below with reference to FIG. 6, the precise

location of each intelligent luminaire manager device 112 is known.

2429.0010001



[0055]

[0056]

CA 02559153 2016-06-09

-14 -

Therefore, using appropriate algorithms, intelligent luminaire manager 112, master
controller 114 and/or network operation center 106 are able to accurately determine
and report the location of any RF device 202. For example, in an embodiment of the
present invention, master controller 114 is able to calculate interpolated coordinates
for an RF device 202 based on information received from a variety of intelligent
luminaire managers 112 and the master controller's knowledge of the locations of
these luminaire managers 112.

As will be understood by persons skilled in the relevant arts, the potential for
communicating with radio frequency (RF) or radio frequency identification (RFID)
type devices using the network formed by intelligent luminaire managers 112 is
nearly boundless and limited only by the bandwidth available. For example, an RF
device 202 might be included in a car and used to monitor and locate stolen cars as
they pass by or park near streetlights 200. An auto insurance company can pay a
light system owner/operator to monitor for and report the location of stolen cars
using his or her network. In this example, an RF device 202 might be configured to
start transmitting a stolen car signal, for example, whenever the car's engine was
started without using the car's ignition key. This stolen car signal would be detected
by an intelligent luminaire manager 112 and reported via the network to an
appropriate individual (e.g., a third party user 110 such as an insurance company
representative and/or a local law enforcement official).

A similar use to that described above of the network capabilities of intelligent
luminaire managers 112 would be to identify and locate an individual under house
arrest, wearing an ankle bracelet, who has left his or her house. Other possible uses
include, but are not limited to: providing security monitoring to determine if a nearby
gate is open or closed or whether a particular system is on or off; to provide an
interface to General Motor's ON-STAR™ system; to provide gun shot detection; to
provide auto traffic and pedestrian monitoring; to provide public address audio
communications and broadcast warning information (e.g., radiation alerts, bio alerts,
chemical alerts, smog alerts, etc.); to provide high crime area surveillance; to locate

lost
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individuals, children and pets; to relay weather monitoring data, power
monitoring data, ectc.; to repeat cellular communications, WiFi
communications, or Internet communications; and to read and/or relay
electric meter data, gas meter data, and/or water meter data for public
utilities. Still other uses will become apparent to those skilled in the
relevant arts given the description herein.

[0057] FIG. 3A shows a detailed view of an enclosure 301 for
intelligent luminaire manager 112 according to an embodiment of the
invention. As shown in FIG. 3A, housing 301 of intelligent luminaire
manager 112 includes a window 303 that exposes a photo-detector 305
to ambient light. This allows intelligent luminaire manager 112 to be
programmed to turn-on and/or to turn-off based on ambient light
conditions in addition to an internal clock. A filter can be used to
adjust the sensitivity/response of photo-detector 305 (e.g., a filter such
as an infrared filter can be used to prevent the unwanted turning-on and
turning-off of a light due to passing clouds, sky condition or the
influence of other nearby lights).

[0058] In an embodiment, intelligent luminaire manager 112 includes
at least one LED (not shown) internal or external to enclosure 301 for
communicating with maintenance crews. In one embodiment, the LED
transmits infrared signals that are received by PDA hosted field unit
122. In another embodiment, the LED flashes a visual code that can be
seen and interpreted by the maintenance crew. For example, when an
intelligent luminaire manager is initially installed, it sends a message
to a nearby intelligent luminaire manager 112 and receives back an
acknowledgement signal. When this acknowledgment signal is
received by the newly installed intelligent luminaire manager 112, its
LED sends or flashes a code to let the maintenance crew know that the
signal has been sent and an acknowledgement signal received. This lets
the maintenance crew know that the intelligent luminaire manager 112
is working properly. In an embodiment, an LED signal may be
different colors to indicate different status.

[0059] As noted above, enclosure 301 preferably conforms to

appropriate NEMA and ANSI standards so that is can be installed on
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an intended light fixture without requiring a new mount and without
requiring any rewiring or physical modification of the fixture. In
embodiments, enclosure 301 is formed from a highly durable material,
such as plastic, that is appropriate for outdoor use and that will
withstand the expected weather and temperatures variations at the
intended location of installation. Enclosure 301 also can be coated with
a weather-resistant material.

[0060] In an embodiment, each luminaire manager 112 or enclosure
301 has a scannable barcode securcly attached for purposes of
identification. An identification code can also be stored in a memory of
each luminaire manager 112. In an embodiment, PDA hosted field unit
122 is used to read and/or write the identification code to the memory
of each luminaire manager 112.

[0061] FIG. 3B is a block diagram that further illustrates the features
and functionality of an intelligent luminaire manager 112 according to
an embodiment of the present invention. As shown in FIG. 3B,
intelligent luminaire manager 112 is coupled to and controls a light or
more precisely a luminaire 200. Luminaire 200 includes a ballast 302,
a starter 306, and a lamp 308. Intelligent luminaire manager 112
includes a controller 310, a luminaire condition sensing and diagnostic
subsystem 312, a communications subsystem 314, and other optional
subsystems 316.

[0062] In an embodiment, luminaire 200 is a conventional luminaire
such as, for example, a street light. The purpose and function of ballast
302, starter 306, and lamp 308 are well-known to persons skilled in the
relevant art.

[0063] Controller 310 includes a processor 318, memory 320, and an
interface subsystem 322. Memory 320 stores a variety of programs that
are executed and/or implemented using processor 318. These programs
include, for example, a luminaire control program 324, luminaire and
intelligent luminaire manager configuration program 326, status
reporting program 328, and other optional programs 330,

[0064] As will become apparent to persons skilled in the relevant arts

given the description herein, intelligent luminaire manager 112 is a
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novel and enhanced networking device that includes and improves upon the

functionality and capabilities of the luminaire diagnostic system(s) described in
U.S. Patent Nos. 6,028,396, 6,452,339, and 6,841,944. These improvements are
described below.

[0065] One notable improvement is added functionality that allows intelligent
luminaire manager 112 to be used to turn-on and turn-off lamp 308 on demand.
Commands to turn-on and turn-off lamp 308 can be delivered to intelligent
luminaire manager 112 via the data network illustrated in FIG. 1. In an
embodiment, data sent by an owner/operator 108 over the network is used to
program a luminaire control program 324 stored in memory 320 of intelligent
luminaire manager 112. This program interacts with a network synchronized
clock/timer function and supports an on-time and an off-time for lamp 308 for each
day of the week with a one-minute time resolution. Example on-time and off-time
commands that can be programmed include: (1) turn on lamp 308 at time X, and
turn off lamp 308 at time Y (2) turn on lamp 308 at time X, and turn off lamp 308
Y minutes after it is turned on; (3) turn on lamp 308 at dusk, and turn it off X
minutes after it turns-on; and (4) turn on lamp 308 at dusk, and turn it off X
minutes after dawn.

[0066] The above described programmable commands to turn-on and turn-off lamp
308 are illustrative only and not intended to limit the present invention. Other
programmable commands that can be used will become apparent to persons skilled
in the relevant arts given the description herein. For example, commands can be
programmed to turn lamp 308 on only during certain days of the week, to turn-on
and turn-off lamp 308 at different times during different days in a given week, or
all lamps in a group can be turned-on at a specified time and turned-off, for
example, at dawn. In one embodiment, selected lamps can be sent a command to
turned-off during periods of high power demand. Likewise, turn-on and turn-off
times can be programmed to meet state or local light trespass codes, and these can

be re-programmed remotely if the light trespass codes change.
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[0067] In one embodiment, in the event an intelligent luminaire
manager 112 loses contact with network operations center 106 or
master controller 114, due for example to a network failure, intelligent
luminaire manager 112 will revert to a pre-stored program for
controlling luminaire 200. For example, this could be to turn on lamp
308 at dusk and to turn it off at dawn. Intelligent luminaire manager
112 can tolerate and continue operating through expected energy
surges and sags without disruption of operation.

[0068] In an embodiment, an intelligent luminaire manager 112 uses
luminaire condition sensing and diagnostic subsystem 312 to monitor
A/C power provided to luminaire 200. For example, luminaire
condition sensing and diagnostic subsystem 312 monitors voltage sags
and over voltage and records the time, severity, and duration of these
events, and reports these events to owner/operator 108. Additionally, in
an embodiment, luminaire condition sensing and diagnostic subsystem
312 records the current provided to start lamp 308 and the current
drawn by lamp 308 at some period after it is lit. Such data is useful, for
example, for monitoring the proper operation of luminaire 200, and in
particular ballast 302.

[0069] In one example embodiment, intelligent luminaire manager 112
monitors cycling of luminaire 200. It records, for example, fixture
current after lamp 308 starts. If the fixture current increases or
decreases more than a specified amount in a given time interval, this
denotes one cycle. Cycle detections are reported to the master
controller 114, via network messages, and forwarded to owner/operator
108. In one embodiment, an occurrence of multiple cycles such as, for
example, about five in a given night may be reported as a defective
lamp.

[0070] In an embodiment, intelligent network luminaire manager 112
generates a faulty lamp signal/alarm in the following manner. First, it
measures lamp 308 power or volt amperes at two seconds after start,
15 seconds after start, one minute after start, and 8.5 minutes after
start. If all four measurements are the same within, for example, about

10%, lamp 308 is flagged as faulty. Accordingly, a faulty lamp
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detection signal/alarm is stored and relayed to network operation
center 106 and owner/operator 108.

[0071] As noted herein, values such as the 10% tolerance for current
comparisons are reprogrammable. However, loss of network
connectivity, for example, for more than a selected period of time
causcs intelligent luminaire manager 112 to revert programmable time
measurement intervals and tolerances to default values stored within
intelligent luminaire manager 112 memory.

[0072] Intelligent luminaire manager 112 is preferably capable of
measuring true AC currents and voltages in addition to average
currents and voltages. In embodiments, intelligent luminaire manager
112 determines and records the power consumption of an attached
device as well as power factor and load.

[06073] As described above, status data collected by intelligent
luminaire managers 112 is communicated via network 102 to master
controller 114 and then to network operation center 106. At network
operation center 106, the status data is analyzed for alarms and alerts,
sorted, stored, and routed to an appropriate owner/operator 108.

[0074] Additional features and functionality of intelligent luminaire
manager 112 are described below.

[0075] FIG. 3C is a circuit diagram that further illustrates luminaire
200 and intelligent luminaire manager 112 according to an
embodiment of the present invention. The circuit diagram is illustrative
and not intended to limit the present invention. As shown in FIG. 3C,
in one embodiment, intelligent luminaire manager 112 is a three-prong
device per ANSI C136.10 or similar standard that acts like a switch to
control the power supplied to luminaire 200. A first prong 30la of
intelligent luminaire manager 112 connects to an energized line of a
power supply (not shown). A second prong 301b of intelligent
luminaire manager 112 connects to a neutral line or common of the
power supply. A third prong 301c of intelligent luminaire manager 112
connects to a load line of luminaire 200. The load line is attached to
ballast 302 and an optional power factor correction capacitor 304.

Ballast 302 is connected to starter 306 (if used) and lamp 308. Optional
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power factor correction capacitor 304, starter 306, and lamp 308 are
each connected to the ncutral line of the power supply.

[0076] FIG. 3D is a more detailed circuit diagram of an intelligent
luminaire manager 112 according to an embodiment of the present
invention. As shown in FIG. 3D, power from the power supply is
rectified by a rectifier 350. Rectified power is filtered and regulated,
and provided to controller 310. In an embodiment, controller 310 is a
commercially available microprocessor or microcontroller. Rectified
power is also provided to a pickup coil 354 of a relay 352. When a
control signal provided by controller 310 closes a switch 356, pickup
coil 354 is energized and closes a contact of relay 352. As illustrated in
FIG. 3C, the closing of the relay contact provides power to luminaire
200.

[0077] As shown in FIG. 3D, two resistances 358 and 359 form a
voltage divider network. The voltage developed across resistance 359
is a reference voltage (Vref) that is provided to controller 310 as an
input parameter. A current sensor 357 is coupled between relay 352
and the load prong of intelligent luminaire manager 112. Current
sensor 357 generates a reference current (Iref), which is also provided
to controller 310 as an input parameter. In one embodiment, current
senor 357 is a current transformer. In another embodiment, current
sensor 357 is a current sensing resistor or Hall effect sensor. As
described below in more detail, the input parameters Vref and Iref are
used to diagnose and provide an indication of the status of luminaire
200.

[0078] FIG. 3E is a flow chart illustrating the steps of a method 360
for detecting cycling according to an embodiment of the present
invention. Method 360 can be implemented by embodiments of
intelligent luminaire manager 112. As shown in FIG. 3E, method 360
comprises steps 361-367.

[0079] In step 361, the input AC voltage (Vac) provided to a luminaire
is measured. In an embodiment, the input AC voltage is preferably
measured at a plurality of times (T;). The time intervals between

measurements can be constant or variable. The frequency (o) of the
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input AC voltage can be determined, for example, by identifying how
many voltage waveform zero-crossings occur in a selected time
interval.

[0080] In step 362, the input AC current (Iac) provided to the
luminaire is measured. In an embodiment, the input AC current is also
preferably measured at a plurality of times (T;). The time intervals
between measurements can be constant or variable. The phase angle
(0) between the measured AC current and the AC voltage measured in
step 361 can be determined, for example, by determining a time
difference between the current waveform zero-crossing and the voltage
waveform zero-crossing.

[0081] In step 363, a ratio between real power and apparent power is
calculated (e.g., real power divided by apparent power). Both real
power and apparent power are determined based on the AC voltage
measurements from step 361 and the AC current measurements from
step 362. Example ratios of real power divided by apparent power
range from about 1 to about less than 0.1. For example, a properly
working, non-power-factor-corrected luminaire having a reactor ballast
and a 100 watt high pressure sodium lamp has a real power of about
120 watts and an apparent power of about 200 VA. This results in a
ratio of 120/200 or 0.6. A power-factor-corrected luminaire having a
reactor ballast and a 100 watt high pressure sodium lamp has a real
power of about 120 watts and an apparent power of about 120 VA.
This results in a ratio of 120/120 or 1.

[0082] In step 364, a determination is made whether the AC current is
greater than or equal to a first threshold value. This check is
performed, for example, to make sure the lamp is lit. In an
embodiment, the first threshold value is about one amp. Other values
can also be used. If the AC current is greater than or equal to a first
threshold value, control passes to step 365. Otherwise, control passes
to step 366.

[0083] In step 365, a determination is made whether the ratio of real
power to apparent power calculated in step 363 is less than or equal to

a second threshold value. The second threshold value can be selected,
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for example, based on the particular luminaire (e.g., fixture type and
lamp type) to be monitored, or it can be a more general value that is
selected to work with multiple luminaires (e.g., various combinations
of fixture types and lamp types). For example, a value of 0.4 could be
selected to monitor both a non-power-factor-corrected luminaire
having a reactor ballast and a 100 watt high pressure sodium lamp and
a power-factor-corrected luminaire having a reactor ballast and a 100
watt high pressure sodium lamp. If the ratio calculated in step 363 is
less than the second threshold value, control passes to step 367 (Lamp
Cycling). Otherwise, control passes to step 366.

[0084] Persons skilled in the relevant arts will know how to select a
second threshold value given the description herein. It is a feature of
method 360 that in step 365 cycling can be detected for a wide
variation of luminaires (e.g., luminaires having lamps with an
operating power of about 70 watts to about 1000 watts).

[0085] In step 366, a determination is made whether there has been a
change in the AC current that is greater than or equal to a third
threshold value. For example, in one embodiment, a determination is
made after lamp startup whether the current measured in step 362 has
increased or decreased more than about 25% in a one second interval.
If there has been a 25% change in current, the lamp is identified as
cycling unless, for example, there was an interruption in AC power.
Other threshold values can be used, and persons skilled in the relevant
arts will know how to select a third threshold value given the
description herein. This test works well, for example, with luminaires
having lamps with an operating power of about 70 watts to about 400
watts. If the change in AC current is greater than or equal to the third
threshold value, control passes to step 367 (Lamp Cycling). Otherwise,
control passes to step 361.

[0086] In step 367, a signal is generated to indicate that the lamp has
cycled. In certain applications, a counter may be used to keep track of
how many times a lamp has cycled, for example, during a single night.
Once a predetermined number of cycles have occurred, power to the

lamp may be switched off to prevent damage of the luminaire.
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[0087] As will be understood by persons skilled in the relevant art,
method 360 can be modified, for example, to delete one of the two
depicted cycling tests or to add additional cycling tests.

[0088] FIG. 3F is a flow chart illustrating the steps of a method 370 for
detecting a bad lamp of a luminaire according to an embodiment of the
present invention. Method 370 can be implemented by embodiments of
intelligent luminaire manager 112. As shown in FIG. 3F, method 370
comprises steps 371-375.

[0089] In step 371, the input AC voltage (Vac) provided to a luminaire
is measured. In an embodiment, the input AC voltage is preferably
measured at a plurality of times (Ti). The time intervals between
measurements can be constant or variable. The frequency (®) of the
input AC voltage can be determined, for example, by identifying how
many voltage waveform zero-crossings occur in a selected time
interval.

[0090] In step 372, the input AC current (Iac) provided to the
luminaire is measured. In an embodiment, the input AC current is also
preferably measured at a plurality of times (T;). The time intervals
between measurements can be constant or variable. The phase angle
(0) between the measured AC current and the AC voltage measured in
step 371 can be determined, for example, by determining a time
difference between the current waveform zero-crossing and the voltage
waveform zero-crossing.

[0091] In step 373, real power being consumed is calculated. Real
power is determined based on the AC voltage measurements from step
371 and the AC current measurements from step 372. In an
embodiment, real power is calculated, for example, at times O seconds,
10 seconds, 60 seconds, and 600 seconds after an attempt to start the
lamp. Other times can also be used.

[0092] In step 374, a determination is made whether real power is
changing during an expected startup time of the lamp. If no change in
real power is detected, control passes to step 375 (Bad Lamp).

Otherwise, control passes to step 371.
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[0093] In step 375, a signal is generated to indicate that the lamp is bad.

[0094] FIG. 3G is a flow chart illustrating the steps of a method 380 for detecting a
bad fixture according to an embodiment of the present invention. Method 380 can be
implemented by embodiments of intelligent luminaire manager 112. As shown in FIG.
3G, method 380 comprises steps 381-386.

[0095] In step 381, the input AC voltage (Vac) provided to a luminaire is measured.
In an embodiment, the input AC voltage is preferably measured at a plurality of times
(T;). The time intervals between measurements can be constant or variable. The
frequency (o) of the input AC voltage can be determined, for example, by identifying
how many voltage waveform zero-crossings occur in a selected time interval.

[0096] In step 382, the input AC current (Ixc) provided to the luminaire is measured.
In an embodiment, the input AC current is also preferably measured at a plurality of
times (T;). The time intervals between measurements can be constant or variable. The
phase angle (0) between the measured AC current and the AC voltage measured in step
381 can be determined, for example, by determining a time difference between the
current waveform zero-crossing and the voltage waveform zero-crossing.

[0097] In step 383, real power being consumed is calculated. Real power is
determined based on the AC voltage measurements from step 381 and the AC current
measurements from step 382.

[0098] In step 384, a determination is made whether the AC current is less than or
equal to a first threshold value. In one embodiment, a threshold value of about 0.2 amps
is used. Other values can also be used. If the AC current is less than or equal to the first
threshold value, control passes to step 386. Otherwise, control passes to step 385. In an
embodiment, a current of less than about 0.2 amps indicates, for example, either a bad
fixture, ballast or a bad starter.

[0099] In step 385, a determination is made whether the real power is less than or

equal to a second threshold value. In one embodiment, a
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threshold value of about 40 watts is used. Other values can also be
used. If the real power is less than or equal to the second threshold
value, control passes to step 386. Otherwise, control passes to step 381.
In an embodiment, a power of less than 40 watts is an indication, for
example, of an open ballast, a bad starter, an open lamp, or a broken
wire.

[0100] In step 386, a signal is generated to indicate that the fixture is
bad.

[0101] FIG. 3H is a flow chart illustrating the steps of a method 390
for predicting lamp failure of a luminaire according to an embodiment
of the present invention. Method 390 is based, for example, on the
lamp curves shown in FIG. 31 below. Method 390 can be implemented
by embodiments of intelligent luminaire manager 112. As shown in
FIG. 3H, method 390 comprises steps 391-398.

{0102] In step 391, the input AC voltage (Vac) provided to a luminaire
is measured. In an embodiment, the input AC voltage is preferably
measured at a plurality of times (Tj). The time intervals between
measurements can be constant or variable. The frequency (o) of the

~input AC voltage can be determined, for example, by identifying how
many voltage waveform zero-crossings occur in a selected time
interval.

[0103] In step 392, the input AC current (Inc) provided to the
luminaire is measured. In an embodiment, the input AC current is also
preferably measured at a plurality of times (T;). The time intervals
between measurements can be constant or variable. The phase angle
(6) between the measured AC current and the AC voltage measured in
step 391 can be determined, for example, by determining a time
difference between the current waveform zero-crossing and the voltage
waveform zero-crossing.

[0104] In step 393, real power being consumed is calculated. Real
power is determined based on the AC voltage measurements from step
391 and the AC current measurements from step 392.

[0105] In step 394, a determination is made whether real power is

changing after time T1. In an embodiment, T1 is about 2 minutes. This
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value is based on curve Al in FIG. 31. Other values can also be used. If
real power is not changing, control passes to step 398. Otherwise,
control passes to step 391.

[0106] In step 395, a determination is made whether real power is
changing after time T2. In an embodiment, T2 is about 6 minutes. This
value is based on curve C1 in FIG. 31. Other values can also be used. If
real power is changing, control passes to step 398. Otherwise, control
passes to step 391.

[0107] In step 396, a determination is made whether real power is less
than or equal to a threshold value after time T3. In an embodiment, the
threshold value is about 50 watts and T3 is about 6 minutes. These
value are based on curve B1 in FIG. 31. Other values can also be used.
The threshold value is selected, for example, based on the power of the
lamp to be monitored. If real power is less than or equal to the
threshold value after time T3, control passes to step 398. Otherwise,
control passes to step 391.

[0108] In step 397, a determination is made whether a DC component
of voltage/current is greater than or equal to a selected percentage of
the AC component of voltage/current. A relatively large DC
component of voltage/current is an indication of rectification. Lamps
usually cycle, however, before rectification problems occur. If the DC
component of voltage/current is greater than or equal to a selected
percentage of the AC component of voltage/current, control passes to
step 398. Otherwise, control passes to step 391.

[0109] In step 398, a signal is generated to indicate the lamp is about
to fail. This signal may also indicate that the wrong type lamp has been
installed, if it occurs soon after lamp replacement. If the lamp has been
installed and operating properly for a period of time, one can deduce
that the correct lamp was initially installed and thus the installed lamp
is one that is about to fail.

[0110] As will be understood by persons skilled in the relevant art,
method 390 can be modified, for example, to delete one of the depicted
predictive tests, such as the DC component test, or to add additional

predictive tests.
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[0111] FIG. 31 is a graph illustrating fixture power as a function of
time during startup of a gas discharge lamp. As shown in FIG. 31, the
graph is divided into three regions: A, B, and C. Region B represents
operation of lamps, during startup, that still have remaining useful life.
Curve B1 is an example curve showing the startup of a good lamp.
Regions A and C represent operation of lamps, during startup, that are
about to fail. Curve Al represents startup of a lamp that has reached
the end of its useful life. Curve C1 represents startup of a lamp, for
example, that has a leaking gas tube. As described above, FIG. 31 is
useful for predicting when a lamp is about to fail.

[0112] Based on the description of the present invention contained
herein, it will become apparent to persons skilled in the relevant arts
that some or all of the functions and/or functionality described with
regards to intelligent luminaire manager 112 herein can be
implemented, for example, as an integral part of luminaire 200.
Similarly, functions and/or functionality described with respect to
luminaire 200 (e.g., starter 306) can be implemented as a part of
intelligent luminaire manager 112. Thus, the illustration and
description of specific functions and functionality residing in luminaire
200 and/or intelligent luminaire manager 112 is illustrative and not
intended to limit the present invention.

[0113] FIG. 4A is a more detailed depiction of a network operation
center 106 according to an embodiment of the present invention. As
shown in FIG. 4A, network operation center 106 includes a main
server 400, a main database 402, data backup 404, and data routing
capabilities 406.

[0114] As will become apparent from the description herein, network
operation center 106 provides many services, such as, for example,
main data network system operation and maintenance 408,
subscriber/customer services 410, network security services 412, and
subscriber/customer data interface services 414. As used herein, the
term subscriber/customer refers to a light system owner/operator 108

and/or a third party user 110.
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[0115] In one embodiment, network operation services provided by
network operation center 106 personnel include six major components:
subscriber provisioning, network provisioning, traffic engineering,
billing, service assurance, and security management. Subscriber
provisioning refers to subscriber management, subscriber selection,
and subscriber activation. Network provisioning refers to capacity
planning, network design, and device provisioning. Traffic engineering
refers to network traffic analysis and policy management. Billing refers
to, for example, both settlement of accounts between and amongst
subscribet/customers, and usage data collection, rating, invoicing, and
collection of bills. In an embodiment, network operations center 106
records customer information for each intelligent luminaire manager
112 that can be used by owner/operators 108 to support customer
service queries and reports and billing of their respective customers.
Service assurance refers to asset management, performance
management, service-level management, fault management, trouble
management, and work-force management. Security management
refers to access fraud, service fraud, management access control, and
denial of service. The goal of these network services is to provide a
framework that provides scalability for a unified wide-area network
platform that can be easily managed and controlled in real time, for
example, over the internet using either standard web browsers or
customer-specific  applications developed within a software
framework. Like the physical hardware of the network, the software is
scalable.

[0116] Scalability of the system can be ensured by distributing the
necessary software over multiple servers. In addition, this increases
both redundancy and reliability. A communications software program
maintained by network operation center 106 provides a virtual private
network for each gateway to the network operation center (e.g., master
controllers 114). Network operation center 106 is capable of
supporting many thousands of concurrent subscribers. Notable features
of network operation center 106 include its store and forward data

management technology; its management environment that supports
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and controls a massive subscriber base of mobile computers, integrated
servers and web service users; its security and data independence that
facilitates supporting large numbers of separate customers and their
sensitive business data; and its ability to provide fast, secure, and
highly-available  synchronization between servers and the
subscriber/customer populations they support.

[0117] In an embodiment, network operation center 106 is capable, for
example, of being scaled to support up to about 120,000 master
controllers or more and up to about 60 million intelligent luminaire
manager nodes or more, which could handle traffic of about 1
megabyte of data per day per gateway or master controller 114.

[0118] In an embodiment, network operation center 106 records GPS
coordinates for each node location (e.g., the locations of intelligent
luminaire managers 112). This data is used to generate user display
maps of node locations and to support workforce management reports
that include node locations.

[0119] Network operation center 106, based on data collected, also is
able to provide detailed information to its subscribers/customer
regarding the type of fixture, lamp type, ballast type, and starter type
operated by each intelligent luminaire manager 112. Additionally,
network operation center 106 software is able to generate summary
failure analysis reports, broken down by lighting system attributes such
as, for example, fixture type, lamp type, ballast type, starter type, and
hours of operation. This analysis is provided to specific customers
and/or all customers, based on how often a component fails or requircs
a service call. The analysis preferably includes failure conditions
identified by the network as well as information provided to call
centers about the failures.

[0120] In an embodiment, a time stamp is provided with data packet
transported via a network such that resolution about events on the
network can be identified, for example, within one minute. If a
luminaire 200 controlled by an intelligent luminaire manager 112 fails,
it preferably takes about one minute in this embodiment before an

alarm is generated at an associated owner/operator's site. This alarm
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preferably displays both the location of the failed luminaire and the
time of failure.

[0121] As shown in FIG. 4A, network operation center 106 maintains
a database 402 that includes the current status of all nodes in the data
network system. In an embodiment, the bandwidth of the network is
such that it can support video. In an embodiment, network operation
center 106, via the networks 102, forwards requests from
subscribes/customers for information, such as, for example, current
voltage levels at monitored devices, value of meters, power usage by
individual devices, etc. Routine message traffic is preferably
scheduled to occur at certain intervals. Examples are network status,
device status, abnormal line voltage, power quality, tilt sensor to alert
of pole failure, air quality, road conditions, for example, monitored by
a video camera linked into the network, et cetera. The period of these
reporting intervals is programmable (e.g., from one-hour to 24-hour
intervals in 15 minute increments or less). Event or alarm reporting is
preferably handled on a priority basis, and it does not conform to a
routine forwarding schedule.

[0122] In an embodiment, when the alarm data is received at network
operation center 106, it is compared to predetermined action stored in a
program, and the actions are carried out as described. For example, the
network operation center may send an email to certain individuals, a
map showing the location of the failed device, and/or generate a work
order by interfacing with a subscriber/customer's work-order program.
The type of data sent from network operations center 106 to a
subscriber/customer is not limited, but in practical terms may be
limited in its usefulness to a subscriber/customer based on ability to
receive and use the data.

[0123] In an embodiment, the message traffic passed between network
operation center 106 and intelligent luminaire managers 112 includes
applications data packages, query command packages, device status
packages, event and alarm packages, and network status packages.
Subscriber/customer access to this data stored at the network operation

center is controlled by password. Subscriber/customer notification of
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events is transmitted to the subscriber/customer, and no password is
required to obtain this data.

[0124] In an embodiment, network operation center 106 is able to
identify when there is a power failure effecting a subscriber/customer 's
light system and when backup power is being used at master controls
114. For a system-wide power outage, network operation center 106
can consolidate alarm reports and generate a generalized message that
is forwarded to an effected subscriber/customer (c.g., a light-system
owner/operator 108).

[0125] As noted above, in the event of a power failure or a network
failure such that a master controller 114 cannot provide data to
network operation center 106 on a scheduled interval, the data is
maintained at the master controller 114 until power and
communications are restored. The stored data is then forwarded at the
next scheduled reporting interval, unless specifically requested earlier
by a subscriber/customer In an embodiment, master controller 114
includes battery back-up power. In another embodiment, master
controller 114 is capable of transmitting an “I’ve Lost Power” signal
when power is lost.

[0126] Network operation center 106 is responsible for IP protocol
traffic analysis. Traffic is routed such that it is able to support peak
loading of the data network and still pass data. In order to manage data,
subscriber/customer commands may be limited during certain
unexpected peak loads and held until bandwidth becomes available to
forward this traffic. When a bandwidth limitation is being reached in a
network 102, an alarm is sent to network operation center 106 so that
traffic can be managed accordingly to control the peak load. Network
operation center 106 personnel can monitor traffic loading on the
network and install additional capacity as required.

[0127] In an embodiment, as noted above, network operation center
personnel perform asset management functions, which include tracking
the life cycle of node equipment, and replacing end-of-life equipment
or degraded equipment before failure. For light system

owner/operators 108, network operation center 106 data analysis
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programs can track the complete life of a device (e.g., the time it was
installed, the number of hours it was operated, and a cause of failure).

[0128] Network security services 412 control access to the information
stored by network operation center 106 using firewalls and prevent
unauthorized access/network usage to prevent compromise of the data
and/or network. In an embodiment, network security services 412
require both authentication and authorization. Security techniques are
implemented to prevent denial-of-service attacks and virus attacks that
would cause the networks to fail or breakdown. Network security
services 412 also preferably include intrusion tracking and the ability
to trace and combat malicious acts by unauthorized users. In an
embodiment, a "call home" feature is used such that when a request for
information or service is sent from a subscriber/customer to network
operation center 106, the request is repeated and sent back to the
subscriber/customer 's known address by network operation center 106
to verify that the request actually came from that subscriber/customer.
Network security services 412 also employ and support data
encryption.

[0129] In an embodiment, network operation center 106 as a part of its
subscriber/customer service provides monthly reports summarizing
asset status of monitored devices to subscribers/customers.
Additionally, in an embodiment, network operation center 106 sends
messages to light system managers when a light is turned on and when
it is turned off so that the light system manager can keep track of the
present status of the light system assets.

[0130] FIG. 4B illustrates another embodiment of a network operation
center according to the present invention. As shown in FIG. 4B, all the
functions and functionality of network operation center 106 described
above need not reside at a single geographical location. This
functionality can be distributed over a wide geographical area. As
shown in FIG. 4B, in an embodiment, the functionality of network
operation center 106 is distributed across a central network operation
center (NOC) 420 and one or more regional/customer network

operation centers 422.
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[0131] FIG. 5A depicts a light system owner/operator 108. As shown
in FIG. 5A, ownet/operator 108 is divided into a light system manager
portion 109 and a maintenance unit portion 111. The light system
manager portion includes a subscriber server 500, a database 502, and
a computer display 504.

[0132] Computer display 504 presents, in both a text and a graphical
manner, information about the owner/operator's light system. The text
and graphical information includes, for example, the status of any
alarms, power usage, network status, and device status. The status is
also shown graphically on a visual map display. In one embodiment, a
graphical user interface presents a visual photometric mapping to a
user, for example, of selected lights of the light system. This
photometric mapping can provide the user with a visual representation
of the illumination, for example, of a parking lot, a sports field, or
other area of interest. The bottom portion of computer screen 504
shows commands being entered and responses being received from
network operation center 106.

[0133] The light system manager preferably has the ability to run
several programs at his or her site. These programs include alarm and
maintenance (e.g., repair dispatch) program(s) 506, light system
management program(s) 508, billing program(s) 510, data analysis
program(s) 512, a data storage and retrieval program 514, a network
operation center interface program 516, and a data routing program
518. Each of these programs is further described below.

(0134] Alarm and maintenance program(s) 506 displays an alarm such
that maintenance personnel 120 can take corrective action. In an
embodiment, the program uses data that has been analyzed, for
example, by network operation center 106 and schedules maintenance
so that equipment in the field close to the end of its useful operating
life can be replaced prior to failure. For better predictability, this end of
life analysis can be based on a larger population of equipment than
only that owned and operated by a particular light system manager.

[0135] Light management program(s) 508 are used by the light system

manager to reprogram devices in the field. Examples of this include,
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for example, turning lights on and lights off using a schedule rather
than having them simply turn on at dusk and off at dawn.

[0136] Billing program(s) 510 keep track of when specific lights are
used and generates customer bills accordingly. In one embodiment, the
rate charged for turning on and using a particular light can be based on
the time it is turned on (e.g., during peak hours of operation or off-peak
hours of operation).

[0137] Data analysis program(s) 512 maintain the state of components
in use in a light system and compare, for example, each component's
total time in use to an estimated life expectancy to predict a remaining
time to failure for the component. When a component is at its expected
end of life, the data generated by program(s) 512 can be used to create
a work order to have maintenance personnel 120 replace the
component before it fails, for example, by interacting with a
maintenance/work order program 520.

[0138] Data storage and retrieval program(s) 514 facilitate the storage
and retrieval of data at the light manager’s site in database 502.

[0139] Network operating system interface program 516 is used to
interface with network operation center 106. This interface program is
useful, for example, for transmitting data to and receiving data from
intelligent luminaire managers 112 installed on the light system
manager's equipment.

[0140] Data routing program 518 parses and routes data received from
network operation center 106.

[0141] On the maintenance unit side, there is included a maintenance
work order program 520, an intelligent luminaire manager field unit
interface device 522, and an intelligent luminaire manager field unit
524. Also included are an inventory purchasing program 526 and an
asset management program 528.

[0142] In an embodiment, when an alarm or maintenance requirement
is sent to the light system manager by network operation center 106, it
is automatically routed to maintenance/work order program 520. This
program then automatically generates a work order that can be acted

upon by a maintenance worker. An electronic copy of the work order
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can be downloaded to intelligent luminaire manager field unit 524 via
intelligent luminaire manager field unit interface 522.

[0143] In an embodiment, intelligent luminaire manager field unit 524
is a hand-carried portable device that can be taken on-site while
installing and/or servicing a luminaire 200. Information about the
installation and/or service is captured by intelligent luminaire manager
ficld unit 524 for subsequent entry into the records of the light system
owner/operator 108. Upon return of the maintenance worker to the
maintenance unit, the collected information is uploaded from the field
unit into maintenance records. In an embodiment, this uploaded
information is forwarded to network operation center 106 where it is
stored and analyzed along with information gather by maintenance
units of other light system owner/operators.

[0144] In an embodiment, alarms generated by an intelligent luminaire
manager 112 are not cleared until replacement/service information is
received at network operation center 106.

[0145] In an embodiment, inventory purchasing program 526 keeps
track, for example, of stock on hand and causes equipment to be
ordered and stocked based on information collected from intelligent
luminaire managers 112.

[0146] The asset management program 528 is a program that modifies
asset management data received, for example, from network operation
center 106 to satisfy particular light system owner/operator data
requirements.

[0147] Based on the description of the present invention contained
herein, it will become apparent to persons skilled in the relevant arts
that any or all of the functions and/or functionality described with
regards to network operation center 106 can be implemented, for
example, by a light system owner/operator 108. Similarly, any or all of
the functions and/or functionality described with respect to a light
system owner/operator can be implemented by network operation
center 106. Thus, the illustration and description of specific functions
and functionality residing at a particular location or with a particular

entity is illustrative and not intended to limit the present invention.
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[0148] FIG. 5B further illustrates intelligent luminaire manager field
unit 524. Field unit 524 is used, for example, to activate newly
installed or serviced intelligent luminaire managers 112.

[0149] In an embodiment, field unit 524 includes an on-board GPS
system 534 and a communications interface 536. The communications
interface can communicate, for example, with an intelligent luminaire
manager or other device using RF and/or optical communications.
Using the GPS 534, the ficld unit identifies the location where an
intelligent luminaire manager 112 is installed. This information is
stored, for example, in memory 320 of intelligent luminaire manager
112. Tt is also taken back to the maintenance unit and stored in the
maintenance unit's records. Additionally, it is forwarded to network
operation center 106 via the light manager's subscriber/customer
interface to network operation center 106. Other information collected
and forwarded to network operation center 106 includes, for example,
all the particulars about the equipment monitored and controlled by the
intelligent luminaire manager 112 (e.g., lamp type, ballast type, digital
photo, etc.).

[0150] In embodiments of the present invention, for example where
more than one intelligent luminaire manager 112 may be installed at
the same geographical location (e.g., in a situation where two
luminaires are attached to a single pole and each luminaire has its own
intelligent luminaire manager 112), field unit 524 can be used to assign
a unique identification value to each of the luminaire managers.

[0151] Once an intelligent luminaire manager 112 is installed, it self-
configures by running a configuration program. Once alive, network
102 notifies network operation center 106, via master controller 114,
that a new device has entered the network.

[0152] In an embodiment, field unit 524 is hosted by a PDA 530,
running application program(s) 532. The present invention is not
limited, however, to requiring the use of a PDA. Map base reports
downloaded to field unit 524 show the location of each luminaire in a
light system and display efficient driving routes for maintenance crews

to get to a luminaire requiring repair. Fault types are communicated to
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crews via network operation center 106 and field unit 524 for pre-
diagnostics of a failed luminaire so that time on-site is minimized and
the need for return trips to a failed luminaire are eliminated. In an
embodiment, the type of faults and corrective actions that can be
provided to maintenance crew workers include anticipated lamp
cycling, lamp cycling, no starting pulse, starting pulse but failed to
start, non-reporting unit, replace lamp when traveling to area, replace
lamp, replace starter, check power at fixture, if no power repair power,
and if power replace intelligent luminaire manager unit. As will be
understood by persons skilled in the relevant arts, this list is illustrative
and not intended to limit the present invention.

[0153] It is a feature of the present invention that during activation of a
new intelligent luminaire manager 112, each unit is identified both in
terms of its type of luminaire and its GPS location. This data, coupled
with the failure mode reporting, allows for a much greater maintenance
crew efficiency. Additionally, dedicated, less-costly maintenance
crews are able to conduct all maintenance during daylight hours, rather
than nighttime, at significantly lower cost.

[0154] In an embodiment, when an intelligent luminaire manager 112
is removed from service, its identification number is captured by field
unit 524. If the GPS coordinates of the removed intelligent luminaire
manager 112 differ from what is expected (e.g., by more than a couple
of meters) an alert/alarm is generated or initiated by field unit 524 and
preferably provided to network operation center 106. The alarm is an
indication, for example, that (1) the removed intelligent luminaire
manager 112 was originally installed improperly (e.g., at the wrong
location or with the wrong GPS coordinates); (2) the removed
intelligent luminaire manager 112 has been moved since its activation
without proper authority; or (3) the data stored by the removed
intelligent luminaire manager 112 has been corrupted.

[0155] While the foregoing is a complete description of exemplary
embodiments of the invention, it should be evident that various
modifications, alternatives and equivalents may be made and used. For

example, although the intelligent luminaire manager of the present
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invention is described as controlling luminaires having conventional
lamps, it will be apparent to individuals skilled in the relevant arts
given the description herein that the intelligent luminaire manager can
be adapted to manage other types of lighting such as, for example, light
emitting diodes. In addition, the intelligent luminaire manager of the
present invention can also be adapted to manage other
electromechanical devices. Thus, it is not limited to managing only
luminaires. Accordingly, the above description should not be taken as

limiting the scope of the invention.
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WHAT IS CLLAIMED IS:

1. A management system for managing a plurality of luminaires, comprising:

a plurality of intelligent luminaire managers, each intelligent luminaire manager
being collocated with an associated luminaire and configured to monitor and transmit
status information for the associated luminaire, the status information including at least an
indication of a bad luminaire condition upon occurrence of a bad luminaire condition,
wherein the bad luminaire condition is determined by an intelligent luminaire manager
determining whether a current provided to the luminaire exceeds a threshold current and,
if the current exceeds a threshold current, determining whether a calculated real power
exceeds a threshold value; and

a network server within a network operation center for receiving transmitted status
information from the plurality of intelligent luminaire managers and for communicating at
least a portion of the status information to a computer of an operator of the plurality of

luminaires.
2. The system of claim 1, wherein each intelligent luminaire manager includes a
wireless radio frequency receiver and transmitter that receives and re-transmits status

information signals from selected intelligent luminaire managers.

3. The system of claim 2, wherein the plurality of networked luminaire managers

form a peer-to-peer communications network.

4. The system of claim 2, wherein the plurality of networked luminaire managers

form a mesh communications network.
5. The system of claim 2, further comprising:
a master control that receives status information signals from selected intelligent

luminaire managers and transmit status information signals over a communication link.

6. The system of claim 2, further comprising;:
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a master control that receives status information signals from selected intelligent

luminaire managers and transmits status information signals over a cellular telephony

communication link.

7. The system of claim 2, further comprising:
a master control that receives status information signals from selected intelligent
luminaire managers and transmits status information signals over a satellite

communication link.

8. The system of claim 1, wherein the network server transmits data to a particular
intelligent luminaire manager indicating when a lamp of the luminaire associated with the

particular luminaire is to be turned on or off.

9. The system of claim 1, wherein received status information is communicated to a

maintenance work order program.

10.  The system of claim 1, wherein each luminaire manager, comprises:

a luminaire condition sensing and diagnostic circuit that monitors selected currents
and voltages of a luminaire; and

a microprocessor, coupled to the luminaire condition sensing and diagnostic circuit,
that receives signals from the luminaire condition sensing and diagnostic circuit and

generates status information.

11.  The system of claim 10, wherein the microprocessor generates a control signal that

operates a relay.

12.  The system of claim 11, wherein the relay controls power.

13.  The system of claim 10, wherein the microprocessor generates a control signal that

operates a solid state switching device.
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14.  The system of claim 13, wherein the solid state switching device controls power.

15. The system of claim 1, wherein the threshold value is a first threshold value, and
wherein the bad luminaire condition is determined by the intelligent luminaire manager
additionally determining whether a measured AC current for the associated luminaire

exceeds a second threshold value.

16.  Anintelligent luminaire manager, comprising:

a voltage sensor for measuring a voltage provided to a luminaire;

a current sensor for measuring a current provided to the luminaire;

a controller coupled to the voltage sensor and the current sensor; and

a luminaire diagnostic program stored in a memory of the controller, wherein the
luminaire diagnostic program calculates real power for the luminaire based upon the
measured voltage and measured current, and generates a bad luminaire message based at
least in part on whether the current provided to the luminaire exceeds a threshold current
and, if the current exceeds a threshold current, determining whether a calculated real power

exceeds a threshold value.

17.  The intelligent luminaire manager of claim 16, wherein the threshold value is a first
threshold value, and wherein the luminaire diagnostic program generates the bad luminaire
message further based upon whether the measured current exceeds a second threshold

value.

18.  The intelligent luminaire manager of claim 17, wherein the measured current is a

measured AC current.
19.  The intelligent luminaire manager of claim 16, further comprising:

a wireless radio frequency transmitter that transmits the generated bad luminaire

message to a network server via a network.

CA 2559153 2017-12-22



CA 2559153 2017-04-11

_42

20.  The intelligent luminaire manager of claim 16, wherein the network comprises a

mesh communications network formed by a plurality of networked luminaire managers.
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