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(57) ABSTRACT 

A network operation center for 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 lumi 
naires and third-party devices to a network server. The lumi 
naire managers communicate with each other, whereby they 
form a network. 
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LIGHT MANAGEMENT SYSTEM HAVING 
NETWORKED INTELLIGENT LUMINAIRE 

MANAGERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 12/839,298, ?led Jul. 19, 2010, entitled “Light 
Management System Having Networked Intelligent Lumi 
naire Managers”, which is a continuation of US. patent appli 
cation Ser. No. 12/028,597, ?led on Feb. 8, 2008, entitled 
“Light Management System Having Networked Intelligent 
Luminaire Managers with Enhanced Diagnostics Capabili 
ties”, which issued as US. Pat. No. 7,761,260, which itselfis 
a continuation of US. patent application Ser. No. 11/518,495, 
?led Sep. 11, 2006, entitled “Light Management System Hav 
ing Networked Intelligent Luminaire Managers with 
Enhanced Diagnostics Capabilities,” which issued as US. 
Pat. No. 7,333,903, which claims the bene?t of US. Provi 
sional Patent Application No. 60/715,584, ?led on Sep. 12, 
2005, each of which is incorporated herein by reference in its 
entirety. 
[0002] This application is related to the following com 
monly owned patent applications: (1) US. patent application 
Ser. No. 11/518,497, ?led Sep. 11, 2006, entitled “Light 
Management System Having Networked Intelligent Lumi 
naire Managers”, which issued as US. Pat. No. 7,603,184; (2) 
US. patent application Ser. No. 11/518,496, ?led Sep. 11, 
2006, entitled “Light Management System Having Net 
worked Intelligent Luminaire Managers That Support Third 
Party Applications”, which issued as US. Pat. No. 7,91 1,359; 
(3) US. patent application Ser. No. 11/518,488, ?led Sep. 11, 
2006, entitled “Network Operation Center ForA Light Man 
agement System Having Networked Intelligent Luminaire 
Managers”, which issued as US. Pat. No. 7,546,167; (4) US. 
patent application Ser. No. 11/518,494, ?led Sep. 11, 2006, 
entitled “Owner/Operator Control Of A Light Management 
System Using Networked Intelligent Luminaire Managers”, 
which issued as US. Pat. No. 7,546,168; and (5) US. patent 
application Ser. No. 11/518,511, ?led Sep. 11, 2006, entitled 
“Activation Device For An Intelligent Luminaire Manager”, 
which issued as US. Pat. No. 7,529,594; each of which is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0003] The present invention generally relates to light sys 
tem management. More particularly, it relates to controlling 
and managing outdoor lighting units using a light manage 
ment system having networked intelligent luminaire manag 
ers, and applications thereof. 

BACKGROUND OF THE INVENTION 

[0004] 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 signi?cantly 
increases outdoor lighting system operating costs. 
[0005] The use of conventional photo-controls to control 
outdoor lights (luminaires) also leads to maintenance and 
repair issues. There are signi?cant costs associated with hir 
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ing quali?ed maintenance personnel and buying equipment 
such as, for example, special maintenance vehicles required 
to access light ?xtures for replacing lamps and servicing 
electrical components. To discover faulty ?xture 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 ?xtures. 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 noti?ed of an inoperable light). Understandably, this 
maintenance methodology is highly inef?cient because it ties 
up resources as crews and equipment randomly travel to 
failed, geographically dispersed outdoor lights. 
[0006] 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 main 
tenance methodology, light system operators must estimate 
lighting equipment life expectancy and schedule mainte 
nance in each geographical area when lighting outages in the 
area are expected to reach a predetermined level. While this 
methodology has certain bene?ts, maintenance crews often 
replace good equipment that has signi?cant 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 ?xtures with failed lamps is a problem since 
roadway ?xtures are only on at night and most maintenance 
crews work during the day. 
[0007] What is needed is a new light management system 
that overcomes the de?ciencies noted above. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention provides a light management 
system having networked intelligent luminaire managers, and 
applications thereof. In an embodiment, a plurality of net 
worked luminaire managers, each collocated with a respec 
tive luminaire, monitor the status of their respective lumi 
naires. 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. The luminaire 
managers communicate with each other, whereby they form a 
network. 

[0009] 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 ref 
erence to the accompanying drawings. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

[0010] The accompanying drawings, which are incorpo 
rated herein and form part of the speci?cation, 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. 
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[0011] 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 ?rst appears. 
[0012] FIG. 1 is a diagram illustrating a light management 
system according to an embodiment of the present invention. 
[0013] FIG. 2 is a diagram illustrating street lights net 
worked together using intelligent luminaire managers 
according to an embodiment of the present invention. 
[0014] FIG. 3A is a diagram illustrating an intelligent lumi 
naire manager according to an embodiment of the present 
invention. 
[0015] 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. 
[0016] 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. 
[0017] FIG. 3D is a circuit diagram further illustrating the 
intelligent luminaire manager of FIG. 3A according to an 
embodiment of the present invention. 
[0018] FIG. 3E is a ?ow chart illustrating the steps of a 
method for detecting cycling according to an embodiment of 
the present invention, which is implemented by embodiments 
of the intelligent luminaire manager of FIG. 3A. 
[0019] FIG. 3F is a ?ow chart illustrating the steps of a 
method for detecting a bad lamp according to an embodiment 
of the present invention, which is implemented by embodi 
ments of the intelligent luminaire manager of FIG. 3A. 
[0020] FIG. 3G is a ?ow chart illustrating the steps of a 
method for detecting a bad ?xture according to an embodi 
ment of the present invention, which is implemented by 
embodiments of the intelligent luminaire manager of FIG. 
3A. 
[0021] FIG. 3H is a ?ow chart illustrating the steps of a 
method for predicting lamp failure according to an embodi 
ment of the present invention, which is implemented by 
embodiments of the intelligent luminaire manager of FIG. 
3A. 
[0022] FIG. 3I is a graph illustrating ?xture power as a 
function of time during startup of a gas discharge lamp. 
[0023] FIG. 4A is a diagram illustrating a network opera 
tion center according to an embodiment of the present inven 
tion. 
[0024] FIG. 4B is a diagram illustrating geographically 
distributed network operational centers according to an 
embodiment of the present invention. 
[0025] FIG. 5A is a diagram illustrating a light system 
owner/operator according to an embodiment of the present 
invention. 
[0026] FIG. 5B is a diagram illustrating an intelligent lumi 
naire manager ?eld unit according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0027] 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 include a particular feature, 
structure, or characteristic, but every embodiment may not 
necessarily include the particular feature, structure, or char 
acteristic. Moreover, such phrases are not necessarily refer 

Nov. 24, 2011 

ring 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 embodi 
ments whether or not explicitly described. 

[0028] 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 commu 
nications and/or power line carrier to form communications 
backbone 104. 

[0029] Each of the networks 102a and 1021) includes sev 
eral intelligent luminaire managers (ILMs) 112 and a master 
control 114. The intelligent luminaire managers 112 commu 
nicate with each other and with master controller 114 using, 
for example, short-range radio frequency (RF) communica 
tion 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 ?xture, also called a luminaire. 

[0030] Networks 102a and 10219 in FIG. 1 each monitor and 
control operation of an outdoor light system or subsystem. 
These outdoor light systems are represented as being oper 
ated and maintained by light system owner/operators 108a 
and 1081) respectively. Accordingly, data collected by intelli 
gent luminaire managers 112 regarding the status of the light 
system represented by network 10211 is forwarded to owner/ 
operator 10811. Data collected by intelligent luminaire man 
agers 112 regarding the status of the light system represented 
by network 1021) is forwarded to owner/ operator 10819. 
Owner/operators 108a and 1081) also have the capability to 
send commands to and/or reprogram operation of the intelli 
gent luminaire managers coupled to their lights using the data 
network shown in FIG. 1. This allows owner/operators 108a 
and 10819 to adjust the operation of their respective light 
system. 
[0031] In preferred embodiments of the present invention, 
networks 102 are peer-to-peer networks and/or mesh net 
works. These networks support three levels of devices: master 
controllers 114; network routing devices, for example, intel 
ligent luminaire manager 112; and other nodes such as RF 
device 202 (see FIG. 2). 
[0032] Each of the network links between intelligent lumi 
naire 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-program 
ming of these intelligent control device. This allows for on 
demand, tum-on and turn-off, for example, of selected street 
lights coupled to intelligent luminaire managers 112. 
[0033] In an embodiment, each intelligent luminaire man 
ager 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 
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stamps to be added to data sent to network operations center 
106 and for time-based control of intelligent luminaire man 
agers 112. 
[0034] In embodiments of the present invention, intelligent 
luminaire managers 112 support commands sent from master 
controller 114 to alternate routing paths. Additionally, intel 
ligent 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 min 
utes, after 60 minutes, etc.). Each intelligent luminaire man 
ager 112 is capable of rerouting data through an alternative 
path, should one or more of the intelligent luminaire manag 
ers 112 fail. When a failed or neW intelligent netWork con 
troller 112 reenters netWork 102, other devices Within the 
netWork pass on the activation or installation of the neW 
intelligent luminaire manager to other netWork routing 
devices. 
[0035] Additional details about the operation of intelligent 
luminaire managers 112 are described beloW. 

[0036] Master controllers 114a and 11419 serve as gateWays 
betWeen their associated intelligent luminaire managers 112 
and netWork operation center 1 06. Each master controller 1 14 
is coupled to netWork operation center 106 through a com 
munication backbone channel 1 04. In embodiments, commu 
nication backbone channels 104 can be, for example, electri 
cal 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). 
[0037] In one embodiment, netWork operation center 106 
couples to master controllers 114 via an intemet protocol 
infrastructure provided by third party carrier netWork ser 
vices. Master controllers 114 preferably provide data concen 
tration and compression, and thereby reduce the overall ser 
vice fees for third party leasing arrangements of 
communication services. Master controllers 114 also prefer 
ably include a data storage capability so that data to and from 
intelligent luminaire managers 112 can be stored during net 
Work communication disruptions and transmitted after com 
munications are restored. 

[0038] In an embodiment, each master controller 114 con 
nects With netWork operation center 106 at predetermined 
times and uploads the current status of all intelligent lumi 
naire 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 communi 
cations, such as, for example, detection of a failed lamp, 
master controller 114 may make unscheduled communica 
tions to netWork operation center 106. 
[0039] Preferably, each master controller 114 is respon 
sible for linking several intelligent luminaire managers 112 to 
netWork operation center 106. For example, in one embodi 
ment, 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. 
[0040] In certain embodiments, master controller 114 is 
capable of inheriting the features of netWork 102 routing 
devices, such as intelligent luminaire manager 112, for com 
munications Within netWork 102. Master controller 114 also 
can implement, for example, a TCP/IP stack for communica 
tions over communication backbone channel 104 With net 
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Work operation center 106. Master controller 114 preferably 
includes memory such as card slot non-volatile storage or 
compact ?ash memory and caches data representing the sta 
tus of all intelligent luminaire managers 112 for Which it is 
responsible. 
[0041] As described in more detail beloW, in embodiments, 
master controller 114 provides authentication and authoriZa 
tion to radio frequency devices Wanting to enter netWork 102. 
Master controller 114 communications With intelligent lumi 
naire managers 112 and optimiZes routing Within its netWork 
cluster. Master controller 114 also preferably includes a 
backup energy source su?icient to poWer master controller 
114, for example, for up to 24 hours of operation. 
[0042] 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 ?oWing betWeen 
light system oWner/operators 108 and their respective intel 
li gent luminaire managers 112. NetWork operation center 1 06 
is preferably responsible for con?guring, 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 intemet 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. 
[0043] As illustrated in FIG. 1, netWork operation center 
106 interfaces With a plurality of light system oWner/opera 
tors 108 and/or other appropriate entities. Each light system 
oWner/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 ini 
tial 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 ?eld unit 122, or another microprocessor based 
device. This ?eld unit is described in more detail beloW With 
reference to FIGS. 5A and 5B. 

[0044] 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). 
[0045] During the installation and activation of each intel 
ligent luminaire manager, selected information such as the 
intelligent luminaire manager’s identi?cation number, GPS 
grid coordinates for the location of the installation, the type of 
light equipment being controlled, a digital photo of the instal 
lation, and/or initial equipment parameters is collected by 
maintenance personnel 120 With the aid of the PDA hosted 
?eld unit 122. This information is then stored in the oWner/ 
operator’s maintenance system records. In embodiments, the 
PDA hosted ?eld unit 122 can communicate With intelligent 
luminaire managers 112 as Well as master controllers 114 to 
receive information and/or upload information. 
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[0046] Using the services of network operation center 106 
and a computer connected to netWork operation system 106 
(e. g., via a secure Internet link), oWner/operator 108 is able to 
monitor and control 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 noti?es light system oWner/operator 108 of the 
changed light system status and alloWs oWner/operator 108 to 
take appropriate action. 
[0047] In one embodiment, the alarm interacts automati 
cally With the oWner/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-ho sted intelligent luminaire man 
ager ?eld 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 ?eld 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 speci?ed num 
ber of days in a roW. 

[0048] 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 tumed-off. This 
is achieved by sending commands over the data netWork to 
individual or assignable groups of intelligent luminaire man 
agers 112 and/ or reprogramming a control program stored in 
a memory of each intelligent luminaire manager or group of 
assignable intelligent luminaire managers. More details 
regarding the functionality of intelligent luminaire managers 
112 is provided beloW. 
[0049] Also shoWn in FIG. 1 are third-party users 110. 
Third-party users 110 are managers/users of system 100 other 
than light system 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. 

[0050] 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 ofa light ?xture 204 of street lamp 200. In the embodi 
ment shoWn, intelligent luminaire manager 112 is preferably 
con?gured 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 ?xture 204. This compatibility alloWs 
intelligent luminaire manager 112 to be installed on a light 
?xture 204 Without requiring a neW mount and Without 
requiring any reWiring or physical modi?cation of the ?xture. 
Persons skilled in the relevant arts are familiar With industry 
standards such as NEMA andANSI C136 standards, and they 
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Will understand, based on the disclosure herein, hoW to adapt 
intelligent luminaire manager 112 for selected applications 
and customers. 

[0051] As shoWn in FIG. 2, an intelligent luminaire man 
ager 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 1 12 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 lumi 
naire manager 112 and is authoriZed to become a part of the 
netWork formed by intelligent luminaire manager 112 and its 
neighbors. 
[0052] 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 pres 
ence of RF device 202 to netWork operation center 106, via 
the netWork and a master control 114. RP 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 main 
tained by the netWork operations center or if the RF device is 
interfering With the routing of higher priority traf?c. 
[0053] 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 tum-on and 
turn-off the light, for example, in conjunction With the lumi 
naire 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. 

[0054] In embodiments of the present invention, the com 
munication links betWeen intelligent luminaire managers 112 
can include, for example, poWer line carrier communication 
links or optical communication links. Thus, the present inven 
tion is not limited to using only RF communication links. 
[0055] As described further beloW With reference to FIG. 6, 
the precise location of each intelligent luminaire manager 
device 112 is knoWn. Therefore, using appropriate algo 
rithms, intelligent luminaire manager 112, master controller 
114 and/or netWork operation center 106 are able to accu 
rately 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 coordi 
nates 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 lumi 
naire managers 112. 
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