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APPARATUS AND METHOD OF ENERGY EFFICIENT ILLUMINATION

USING RECEIVED SIGNALS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims benefit of US Patent Application No.

3/085,301 , filed April 12, 201 1 and entitled "APPARATUS AND METHOD OF

ENERGY EFFICIENT ILLUMINTAION USING RECEIVED SIGNALS," which is

incorporated herein by reference in its entirety.

BACKGROUND

Technical Field

The present disclosure generally relates to the field of illumination

devices and, more particularly, to control of illumination to improve energy

efficiency and security.

Description of the Related Art

Energy conservation has become of ever increasing importance.

Efficient use of energy can result in a variety of benefits, including financial

benefits such as cost savings and environmental benefits such as preservation

of natural resources and reduction in "green house" {e.g., CO2) gas emissions.

Residential, commercial, and street lighting which illuminate

interior and exterior spaces consume a significant amount of energy.

Conventional lighting devices or luminaires exist in a broad range of designs,

suitable for various uses. Lighting devices employ a variety of conventional

light sources, for example incandescent lamps, florescent lamps such as high-

intensity discharge (HID) lamps {e.g., mercury vapor lamps, high-pressure

sodium lamps, metal halide lamps).

There appear to be two primary approaches to reducing energy

consumption associated with lighting systems. One approach employs higher



efficiency light sources. The other approach selectively provides light only

when needed.

Use of higher efficiency light sources may, for instance, include

replacing incandescent lamps with florescent lamps or even with solid-state

light sources {e.g., light emitting diodes (LEDs), organic LEDs (OLEDs),

polymer LEDs (PLEDs)) to increase energy efficiency. In some instances,

these higher efficiency light sources may present a number of problems. For

example, florescent and HID light sources take a relatively long time after being

turned ON to achieve their full rated level of output light or illumination. Such

light sources also typically have a high energy consumption during warm-up.

Many of higher efficiency light sources emit light with a low color rendering

index (CRI). For reference, sunlight has a CRI of 100 and represents "ideal

light" which contains a continuous spectrum of visible radiation. Low CRI light

is less pleasing to the human eye. Surfaces illuminate with low CRI light may

not be perceived in their "true" color. Low CRI light makes it more difficult to

discern details, often requiring a higher level of output light or illumination to

discern details that would otherwise be discernible in high CRI light. Further,

higher efficiency light sources may require additional circuitry {e.g., ballasts)

and/or thermal management techniques {e.g., passive or active cooling).

Providing illumination only when needed can be achieved

manually by a user of the lighting system, or automatically by a control

mechanism. Automatic control mechanisms generally fall into two broad

categories, timers and environmental sensors. Timer based control

mechanisms turn light sources ON and OFF based on time. The times are

typically user configurable. Such relies on the user to account for changes in

length of day light which may occur throughout a year. Very often, timer based

control mechanisms are set once and never updated. Environmental sensor

based control mechanisms sense light or illumination level and/or motion or

proximity. Light or illumination level based control mechanisms are commonly

referred to dusk-to-dawn sensors. Dusk-to-dawn light or illumination level



based control mechanisms turn the light sources ON when a level of light or

illumination in an environment falls below a turn ON threshold, and turn the light

sources OFF when the level of light or illumination exceeds a turn OFF

threshold. Light or illumination level based control subsystems advantageously

automatically accommodate changes in length of day light throughout the year.

Motion or proximity based control mechanisms {e.g., passive infrared sensor

based) turn light sources ON when motion or proximity is detected. Motion or

proximity based control mechanisms turn light sources OFF after some period

of time if no motion or proximity is detected during that period of time.

Sensitivity of such motion or proximity based control mechanisms is typically

user configurable, as is the duration between turn ON and turn OFF. However,

motion or proximity based control mechanisms have limited range {e.g., 10

meters), limiting the number of applications in which such may be effectively

employed. Motion or proximity based control mechanisms may also be

ineffective where the ambient air temperature or temperature of an object is

close to that of the trigger temperature {e.g., temperature of human body).

Some lighting control mechanisms employ both light or illumination level based

and motion or proximity based techniques. Such lighting control mechanisms

turn light sources ON only if motion is detected while the level of light or

illumination in the environment is below the turn ON threshold. Thus, the

motion or proximity sensing is active only between dusk and dawn.

Sometimes these approaches are incompatible with each other.

For example, the relatively long time for florescent light sources to produce full

output hinders the effective use of such light sources with motion or proximity

based control mechanisms. Further, many control mechanisms are built into

the luminaire. Such makes it difficult or even impossible to modify operation of

the control mechanism beyond some simple user settings {e.g., sensitivity,

duration between turn ON and turn OFF).

New approaches to improving the energy efficiency of lighting

systems are desirable.



BRIEF SUMMARY

As previously explained, lighting systems which use dusk-to-dawn

control mechanisms typically provides light at a continuous, relatively high, level

from dusk to dawn. The exception to such appears to be when motion or

proximity based sensing is included in such a control mechanism. In many

instances, a high level of lighting or illumination is not necessary throughout the

entire period. For instance, in retail business or corporate office parking lots

high levels of light or illumination are typically only useful into the late evening

hours {e.g., 10PM or 11PM) and early morning hours {e.g., 4AM or 5AM). High

level lighting or illumination between the late evening and early morning hours

provide little benefit. A lower level of light or illumination during such hours may

achieve sufficient illumination for some desired purpose {e.g., security), while

reducing energy consumption. Such may useful with a simple dusk-to-dawn

control mechanism. Use of a low level lighting or illumination during such hours

may also make practical use of relatively slow warm up light sources with

motion or proximity based control mechanisms since the illumination sources

may only need to be warmed up from an already turned ON, but reduced output

state, instead of warming up from an OFF state.

Illumination systems may be used in secured environments or in

situations where security is important. Thus, it would be particular

advantageous if the lighting control mechanism of the illumination system is

designed to handle unintentional conditions, for example the failure of a

component such as an ambient light sensor. It would also be particularly

advantageous if the lighting control mechanism of the illumination system is

designed to handle intentional tampering, for example tampering in the form of

shining focused light on a light sensor in an attempt to prevent illumination of a

surrounding area by the lighting system. It would additionally be advantageous

if the lighting control system continued to operate as programmed even if a

component failed, for example even if a light sensor failed. It may further be

advantageous if the lighting control mechanism did not require extensive



training, learning or adjustment to the existing ambient environmental

conditions. For instance, it would be advantageous if the lighting control

system could quickly adjust to the daily cycle (e.g., solar noon, solar midnight)

for the particular geographic location at which the illumination system is

installed, without the need to first obtain samples over multiple days or even

weeks. It would be very advantageous if the lighting control system

automatically determined the local time of day for a particular geographic

location at which the illumination system is installed. Such would allow lighting

levels to be programmed to coincide with local activity such a retail store

business hours. Such local activity typically occurs at fixed hours, regardless of

the length of day or seasonal changes in length of day. For example, it would

be advantageous to turn the lighting system to a high level of illumination at

dusk, and reduce the output to a lower level of illumination at a fixed time of day

{e.g., 10PM local time).

A method of operating an illumination system including at least

one light source and at least one controller may be summarized as from time-

to-time, detecting a level of light in an ambient environment; comparing by the

at least one controller the detected level of light in the ambient environment to a

first threshold; validating by the at least one controller a result of the

comparison of the detected level of light in the ambient environment to the first

threshold with respect to at least one expected condition; and adjusting by the

at least one controller an output of the at least one light source if both the

detected level of light in the ambient environment at least satisfies the first

threshold and the result of the comparison is valid with respect to the at least

one expected condition.

Validating a result of the comparison of the detected level of light

in the ambient environment to the first threshold with respect to at least one

expected condition may include: comparing by the at least one controller an

actual time at which the detected level of light satisfied the first threshold to an

expected time when the level of light is predicted to satisfy the first threshold for



at least one of a current location or a current date; determining that the result of

the comparison is valid if the actual time at which the detected level of light

satisfied the first threshold is within a second threshold of the expected time

when the level of light is predicted to satisfy the first threshold for the at least

one of the current location or the current date; or determining that the result of

the comparison is invalid if the actual time at which the detected level of light

satisfied the first threshold is not within the second threshold of the expected

time when the level of light is predicted to satisfy the first threshold for the at

least one of the current location or the current date. Validating a result of the

comparison of the detected level of light in the ambient environment to the first

threshold with respect to at least one expected condition may include:

comparing by the at least one controller the detected level of light in the

ambient environment to an expected level of light for at least one of a current

location, a current date or a current time; determining that the result of the

comparison is valid if the detected level of light in the ambient environment is

within a second threshold of the expected level of light for the at least one of the

current location, the current date or the current time; or determining that the

result of the comparison is invalid if the detected level of light in the ambient

environment is not within the second threshold of the expected level of light for

the at least one of the current location, the current date or the current time.

Comparing the detected level of light in the ambient environment to an

expected level of light for at least one of a current time or a current location may

include comparing the detected level of light to a value indicative of the

expected level of light for the current time at the current location. From time-to-

time, detecting a level of light in an ambient environment may include

continuously receiving a signal at the at least one controller from an ambient

light sensor which is part of the illumination system, the signal indicative of the

level of light in the ambient environment. The method may further include

receiving a location signal at the at least one controller indicative of the current

location; and determining by the at least one controller at least one of an



excepted level of light or an expected time at which the level of light is predicted

to satisfy the first threshold based on the current location identified by the

location signal. The method may further include receiving a time signal at the

at least one controller indicative of the current time. Receiving a location signal

indicative of the current location may include receiving the location signal from

a global positioning system receiver. Receiving a location signal indicative of

the current location may include receiving the signal from at least one cellular

communications system receiver. Adjusting an output of the at least one light

source if both the detected level of light in the ambient environment at least

satisfies the first threshold and the result of the comparison is valid with respect

to the at least one expected condition may include turning the at least one light

source ON if both the detected level of light in the ambient environment is equal

or less than a turn ON threshold and an actual time at which the detected level

of light satisfied the first threshold is within a second threshold of the expected

time when the level of light is predicted to satisfy the first threshold for the at

least one of the current location or the current date. Adjusting an output of the

at least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition may

include turning the at least one light source ON if both the detected level of light

in the ambient environment is equal or less than a turn ON threshold and the

detected level of light in the ambient environment is within the second threshold

of the expected level of light for the current time at the current location.

Adjusting an output of the at least one light source if both the detected level of

light in the ambient environment at least satisfies the first threshold and the

result of the comparison is valid with respect to the at least one expected

condition may include turning the at least one light source OFF if both the

detected level of light in the ambient environment is equal or greater than a turn

OFF threshold and an actual time at which the detected level of light satisfied

the first threshold is within a second threshold of the expected time when the



level of light is predicted to satisfy the first threshold for the at least one of the

current location or the current date. Adjusting an output of the at least one light

source if both the detected level of light in the ambient environment at least

satisfies the first threshold and the result of the comparison is valid with respect

to the at least one expected condition may include turning the at least one light

source OFF if both the detected level of light in the ambient environment is

equal or greater than a turn OFF threshold and the detected level of light in the

ambient environment is within the second threshold of the expected level of

light for the current time at the current location. The method may further

include reducing the output of the at least one light source to a non-zero level

when a first real time in a daily cycle is reached. The method may further

include detecting motion at least proximate an area being illuminated; and in

response to the detecting motion, temporally increasing the output of the at

least one light source. The method may further include increasing the output of

the at least one light source when a second real time in the daily cycle is

reached. When the result of the comparison is invalid with respect to the at

least one expected condition, the method may further include repeating at least

the reducing and the increasing the output of the at least one light source when

the first and the second real times, respectively, are reached for a number of

additional daily cycles. Repeating at least the reducing and the increasing of

the output of the at least one light source when the first and the second real

times, respectively, are reached for a number of additional daily cycles, may

further include turning ON the at least one light source at a time in a daily cycle

that corresponds to dusk and turning OFF the at least one light source at a time

in the daily cycle that corresponds to dawn. The method may further include

producing by the controller an external notification if the detected level of light in

the ambient environment is not within the second threshold of the expected

level of light for the current time at the current location. The method may

further include in response to determining that the result of the comparison is



invalid, causing the output of the at least one light source to be at least

proximate a highest level of the at least one light source.

A system to control illumination may be summarized as including

at least one controller that: from time-to-time, receives a signal indicative of a

level of light in an ambient environment; compares the detected level of light in

the ambient environment to an expected level of light for at least one of a

current time or a current location; compares the detected level of light in the

ambient environment to a first threshold; validates a result of the comparison of

the detected level of light in the ambient environment to the first threshold with

respect to at least one expected condition; and adjusts an output of the at least

one light source if both the detected level of light in the ambient environment at

least satisfies the first threshold and the result of the comparison is valid with

respect to the at least one expected condition.

To validate a result of the comparison of the detected level of light

in the ambient environment to the first threshold with respect to at least one

expected condition, the at least one controller may: compare an actual time at

which the detected level of light satisfied the first threshold to an expected time

when the level of light is predicted to satisfy the first threshold for at least one of

a current location or a current date; determine that the result of the comparison

is valid if the actual time at which the detected level of light satisfied the first

threshold is within a second threshold of the expected time when the level of

light is predicted to satisfy the first threshold for the at least one of the current

location or the current date; or determine that the result of the comparison is

invalid if the actual time at which the detected level of light satisfied the first

threshold is not within the second threshold of the expected time when the level

of light is predicted to satisfy the first threshold for the at least one of the current

location or the current date. To validate a result of the comparison of the

detected level of light in the ambient environment to the first threshold with

respect to at least one expected condition, the at least one controller may:

compare the detected level of light in the ambient environment to an expected



level of light for at least one of a current location, a current date or a current

time; determine that the result of the comparison is valid if the detected level of

light in the ambient environment is within a second threshold of the expected

level of light for the at least one of the current location, the current date or the

current time; or determine that the result of the comparison is invalid if the

detected level of light in the ambient environment is not within the second

threshold of the expected level of light for the at least one of the current

location, the current date or the current time. The at least one controller may

compare the detected level of light to a value indicative of an expected level of

light for the current time at the current location. The system may further include

an ambient light sensor, wherein the at least one controller continuously

receives a signal from the ambient light sensor, the signal indicative of the level

of light in the ambient environment. The at least one controller may further

receive a location signal indicative of the current location; and may determine at

least one of an excepted level of light or an expected time at which the level of

light is predicted to satisfy the first threshold based at least in part on the

current location identified by the location signal. The at least one controller may

further receive a time signal indicative of the current time. The system may

further include an antenna; and a global positioning receiver communicatively

coupled to the antenna to receive a global positioning signal from a number of

global positioning system satellites, wherein the at least one controller is

communicatively coupled to the global positioning receiver to receive the

location signal indicative of the current location. The system may further

include an antenna; and a cellular communications receiver communicatively

coupled to the antenna to receive a cellular communications signal from a

number of cellular communications antennas, wherein the at least one

controller is communicatively coupled to the cellular communications receiver to

receive the location signal indicative of the current location. To adjust the

output of the at least one light source if both the detected level of light in the

ambient environment at least satisfies the first threshold and the result of the



comparison is valid with respect to the at least one expected condition the at

least one controller may turn the at least one light source ON if both the

detected level of light in the ambient environment is equal or less than a turn

ON threshold and an actual time at which the detected level of light satisfied the

first threshold is within a second threshold of the expected time when the level

of light is predicted to satisfy the first threshold for the at least one of the current

location or the current date. To adjust the output of the at least one light source

if both the detected level of light in the ambient environment at least satisfies

the first threshold and the result of the comparison is valid with respect to the at

least one expected condition the at least one controller may turn the at least

one light source ON if both the detected level of light in the ambient

environment is equal or less than a turn ON threshold and the detected level of

light in the ambient environment is within the second threshold of the expected

level of light for the current time at the current location. To adjust the output of

the at least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition the at

least one controller may turn the at least one light source OFF if both the

detected level of light in the ambient environment is equal or greater than a turn

OFF threshold and an actual time at which the detected level of light satisfied

the first threshold is within a second threshold of the expected time when the

level of light is predicted to satisfy the first threshold for the at least one of the

current location or the current date. To adjust the output of the at least one light

source if both the detected level of light in the ambient environment at least

satisfies the first threshold and the result of the comparison is valid with respect

to the at least one expected condition the at least one controller may turn the at

least one light source OFF if both the detected level of light in the ambient

environment is equal or greater than a turn OFF threshold and the detected

level of light in the ambient environment is within the second threshold of the

expected level of light for the current time at the current location. The at least



one controller may reduce the output of the at least one light source to a no n

zero level when a first real time in a daily cycle is reached. The at least one

controller may further detect motion at least proximate an area being

illuminated; and in response to the detection of motion, temporally increase the

output of the at least one light source. The at least one controller may further

increase the output of the at least one light source when a second real time in

the daily cycle is reached. When the result of the comparison is invalid with

respect to the at least one expected condition, the at least one controller may

further repeat at least the reducing and the increasing the output of the at least

one light source when the first and the second real times, respectively, are

reached for a number of additional daily cycles. Repeating at least the reducing

and the increasing of the output of the at least one light source when the first

and the second real times, respectively, are reached for a number of additional

daily cycles may further include turning ON the at least one light source at a

time in a daily cycle that corresponds to dusk and turning OFF the at least one

light source at a time in the daily cycle that corresponds to dawn. The at least

one controller may further produce an external notification if the detected level

of light in the ambient environment is not within the second threshold of the

expected level of light for the current time at the current location. When the

result of the comparison is invalid with respect to the at least one expected

condition the at least one controller may cause the output of the at least one

light source to be at least proximate a highest level of the at least one light

source. The system may further include the at least one light source.

A method of operating an illumination system including at least

one light source may be summarized as including determining by a controller,

an expected ambient environment illumination condition for a current location at

a defined date and time; comparing by the controller, an actual ambient

environment illumination condition detected in the ambient environment at the

current location with the determined expected ambient environment illumination

condition; and in response to determining an existence of a difference between



the actual ambient environment illumination condition and the determined

expected ambient environment illumination condition, producing by the

controller, at least one of a notification or a record indicative of an aberrant

event.

The method may further include receiving a location signal by the

controller, the location signal indicative of a current location of the illumination

system. Determining by a controller an expected ambient environment

illumination condition may include determining at least one of an expected time

of dusk or an expected time of dawn for the current location based at least in

part on the current location indicated by the location signal. Determining by a

controller, an expected ambient environment illumination condition may include

determining an expected level of illumination in the ambient environment for the

current location at a defined time based at least in part on the current location

indicated by the location signal. Receiving a location signal by the controller

may include receiving a location signal from a global positioning system

receiver. Receiving a location signal by the controller may include receiving a

location signal from a cellular communications system receiver. The method

may further include detecting a level of light in an ambient environment via an

ambient light sensor. Producing a notification may include transmitting a signal

externally from the illumination system. Producing a notification may include

illuminating a warning indicator of the illumination system. Comparing an actual

ambient environment illumination condition with the determined expected

ambient environment illumination condition may include at least one of:

determining whether a detected level of illumination in the ambient environment

is below an expected level of illumination by more than the defined threshold or

determining whether the detected level of illumination in the ambient

environment is above the expected level of illumination by more than the

defined threshold. Comparing an actual ambient environment illumination

condition with the determined expected ambient environment illumination

condition may include at least one of: determining whether an actual time when



dusk in the ambient environment is detected is within a first threshold of an

expected time at which dusk was predicted or whether an actual time when

dawn in the ambient environment is detected is within a second threshold of an

expected time at which dawn was predicted.

A system to control illumination may be summarized as including

at least one controller that: determines an expected ambient environment

illumination condition for a current location at a defined date and time;

compares an actual ambient environment illumination condition detected in the

ambient environment a the current location with the determined expected

ambient environment illumination condition; and in response to a determination

that a difference between the actual ambient environmental illumination

condition and the determined expected ambient environment illumination

condition, produces at least one of a notification or a record indicative of an

aberrant event.

The at least one controller may receive a location signal, the

location signal indicative of a current location of the illumination system. To

determine an expected ambient environment illumination condition the at least

one controller may determine at least one of an expected time of dusk or an

expected time of dawn for the current location based at least in part on the

current location indicated by the location signal. The at least one controller may

determine an expected level of illumination in the ambient environment based

at least in part on the current location indicated by the location signal. The

system may further include an antenna; and a global positioning receiver

communicatively coupled to the antenna to receive a global positioning signal

from a number of global positioning system satellites, wherein the at least one

controller is communicatively coupled to the global positioning receiver to

receive the location signal indicative of the current location. The system may

further include an antenna; and a cellular communications receiver

communicatively coupled to the antenna to receive a cellular communications

signal from a number of cellular communications antennas, wherein the at least



one controller is communicatively coupled to the cellular communications

receiver to receive the location signal indicative of the current location. The

system may further include an ambient light sensor communicatively coupled to

provide ambient light level signals to the at least one controller. The at least

one controller may produce the notification as a signal transmit externally from

the system. The at least one controller may produce the notification as an

illuminated warning indicator of the system. To compare an actual ambient

environment illumination condition with the determined expected ambient

environment illumination condition the at least one controller may determine at

least one of whether a detected level of illumination in the ambient environment

is below an expected level of illumination by more than the defined threshold or

whether the detected level of illumination in the ambient environment is above

the expected level of illumination by more than the defined threshold. To

compare an actual ambient environment illumination condition with the

determined expected ambient environment illumination condition the at least

one controller may determine whether an actual time when dusk in the ambient

environment is detected is within a first threshold of an expected time at which

dusk was predicted or whether an actual time when dawn in the ambient

environment is detected is within a second threshold of an expected time at

which dawn was predicted. The system may further include at least one light

source; and wherein the at least one controller adjusts a level of illumination

produced by the at least one light source.

A method of operating an illumination system including at least

one light source may be summarized as including receiving a signal by a

controller from an external source, the signal indicative of at least one of a

current location of the illumination system, a current date or a current time; and

controlling a level of illumination produced by the at least one light source

based at least in part on at least one of the current location of the illumination

system, the current date or the current time.



Receiving a signal by the controller may include receiving a signal

via a global positioning system receiver from at least one global positioning

satellite. The method may further include determining by a controller, an

expected level of illumination in an ambient environment based at least in part

on at least one of the current location of the illumination system, the current

date or the current time; comparing by the controller, a detected level of

illumination in the ambient environment with the determined expected level of

illumination in the ambient environment; and in response to determining an

existence of a difference between the detected level of illumination in the

ambient environment and the determined expected level of illumination in the

ambient environment which exceeds a defined threshold, producing by the

controller, at least one of a notification or a record indicative of the existence.

The method may further include determining by a controller, an expected time

of at least one of dusk or dawn based at least in part on at least one of the

current location of the illumination system, the current date or the current time;

comparing by the controller, a detected occurrence of at least one of dusk or

dawn in the ambient environment with the determined expected time of at least

one of dusk or dawn; and in response to determining an existence of a

difference between the detected occurrence of at least one of dusk or dawn and

the determined expected time of at least one of dusk or dawn which exceeds a

defined threshold, producing by the controller, at least one of a notification or a

record indicative of an aberrant condition.

A system to control illumination may be summarized as including

at least one antenna; at least one receiver communicatively coupled to the at

least one antenna to receive signals from an external source, the signals

indicative of at least one of a current location of the illumination system, a

current date or a current time; and at least one controller communicatively

coupled to the at least one receiver to receive information therefrom, and which

controls a level of illumination produced by the at least one light source based



at least in part on at least one of the current location of the illumination system,

the current date or the current time.

The at least one receiver may be a global positioning receiver

communicatively coupled to the antenna to receive a number of global

positioning signals from a number of global positioning system satellites. The

at least one controller may: determine an expected level of illumination in the

ambient environment based at least in part on the current location, the current

date or the current time; compare a detected level of illumination in the ambient

environment with the determined expected level of illumination in the ambient

environment; and in response to determining an existence of a difference

between the detected level of illumination in the ambient environment and the

determined expected level of illumination in the ambient environment which

exceeds a defined threshold, produce at least one of a notification or a record

indicative of an aberrant condition. The at least one controller may: determine

an expected time of at least one of dusk or dawn based at least in part on at

least one of the current location of the illumination system, the current date or

the current time; compare a detected occurrence of at least one of dusk or

dawn in the ambient environment with the determined expected time of at least

one of dusk or dawn; and in response to a determination that an existence of a

difference between the detected occurrence of at least one of dusk or dawn and

the determined expected time of at least one of dusk or dawn which exceeds a

defined threshold, produce at least one of a notification or a record indicative of

an aberrant condition.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

In the drawings, identical reference numbers identify similar

elements or acts. The sizes and relative positions of elements in the drawings

are not necessarily drawn to scale. For example, the shapes of various

elements and angles are not drawn to scale, and some of these elements are

arbitrarily enlarged and positioned to improve drawing legibility. Further, the



particular shapes of the elements as drawn, are not intended to convey any

information regarding the actual shape of the particular elements, and have

been solely selected for ease of recognition in the drawings.

Figure 1 is a partially exploded isometric diagram showing a

conventional luminaire, light source and a retrofit control subsystem selectively

attachable in place of the legacy dusk to dawn sensor, according to one non-

limiting illustrated embodiment.

Figure 2 is a partially exploded isometric diagram showing a

conventional luminaire, conventional light sources and a retrofit control

subsystem selectively attachable between the luminaire and light source,

according to another non-limiting illustrated embodiment.

Figure 3 is a schematic diagram showing a conventional luminaire

with optical sensor(s) and a dusk-to-dawn control mechanism, a light source

and a retrofit control subsystem, according to one non-limiting illustrated

embodiment.

Figure 4A is an isometric diagram showing a luminaire including

an integral control subsystem and a light source, according to another non-

limiting illustrated embodiment.

Figure 4B is right side elevational view of the luminaire of Figure

4A.

Figure 5 is a schematic diagram showing the luminaire of Figures

4A and 4B with the integral control subsystem, and a light source.

Figure 6A is a graph showing a level of illumination or output

versus time over two daily cycles during a first part of a year, according to

another non-limiting illustrated embodiment.

Figure 6B is a graph showing a level of illumination or output

versus time over two daily cycles during a second part of a year where there is

less daylight in a daily cycle.

Figure 6C is a graph showing a level of illumination or output

versus time over two daily cycles during the first part of a year, according to



another non-limiting illustrated embodiment where a dusk sensing threshold is

set to be reached earlier while a dawn sensing threshold is set to be reached

later in the daily cycle.

Figure 6D is a graph showing a level of illumination or output

versus time over two daily cycles during the first part of a year, according to

another non-limiting illustrated embodiment the dusk and dawn sensing

thresholds are set such as to produce uneven durations of high intensity

illumination.

Figures 7A-7C are a flow diagram showing a high level method of

operating an illumination system to provide illumination in an energy efficient

manner, according to one non-limiting illustrated embodiment.

Figure 8 is a flow diagram showing a low level method of

operating a control subsystem of an illumination system to validate a detection,

according to one non-limiting illustrated embodiment.

Figure 9 is a flow diagram showing a low level method of

operating a control subsystem to validate a detection, according to another non-

limiting illustrated embodiment.

Figure 10 is a flow diagram showing a low level method of

operating a control subsystem of an illumination system to determine a location

of the illumination system based on global positioning system signals, and to

determine an expected level of light based at least in part on the determined

location, according to one non-limiting illustrated embodiment.

Figure 11 is a flow diagram showing a low level method of

operating a control subsystem of an illumination system to determine a location

of the illumination system based on cellular system signals, and to determine

an expected level of light based at least in part on the determined location,

according to another non-limiting illustrated embodiment.

Figure 12 is a flow diagram showing a low level method of

operating a control subsystem of an illumination system to produce a security

notification, according to one non-limiting illustrated embodiment.



Figure 13 is a flow diagram showing a high level method of

operating a control subsystem of an illumination system, according to another

non-limiting illustrated embodiment.

DETAILED DESCRIPTION

In the following description, certain specific details are set forth in

order to provide a thorough understanding of various disclosed embodiments.

However, one skilled in the relevant art will recognize that embodiments may be

practiced without one or more of these specific details, or with other methods,

components, materials, etc. In other instances, well-known structures

associated with luminaires and imaging devices have not been shown or

described in detail to avoid unnecessarily obscuring descriptions of the

embodiments.

Unless the context requires otherwise, throughout the

specification and claims which follow, the word "comprise" and variations

thereof, such as, "comprises" and "comprising" are to be construed in an open,

inclusive sense that is as "including, but not limited to."

Reference throughout this specification to "one embodiment" or

"an embodiment" means that a particular feature, structure or characteristic

described in connection with the embodiment is included in at least one

embodiment. Thus, the appearances of the phrases "in one embodiment" or "in

an embodiment" in various places throughout this specification are not

necessarily all referring to the same embodiment. Furthermore, the particular

features, structures, or characteristics may be combined in any suitable manner

in one or more embodiments. Additionally, the terms lighting and illumination

are used herein interchangeably. For instance, the phrases "level of

illumination" or "level of light output" have the same meanings. Also instance,

the phrases "illumination source" and "light source" have the same meanings.



The headings and Abstract of the Disclosure provided herein are

for convenience only and do not interpret the scope or meaning of the

embodiments.

Figure 1 shows an illumination system 100 according to one non-

limiting illustrated embodiment. The illumination system 100 includes a

conventional luminaire 102, at least one illumination or light source 104, and a

retrofit control subsystem 106.

The luminaire 102 may take any of a variety of forms. For

example, the luminaire 102 may include a housing 108, a shade 110 and

optionally a bracket 112 to allow the luminaire 102 to be hung from a structure.

The shade 110 may be transparent or translucent or may be opaque. The

luminaire 102 may include a socket, for instance a threaded socket or

receptacle 114, sized to removably or interchangeably receive a base 115 of

the light source 104 and wiring (not shown in Figure 1) to provide power to the

light source 104 from an external source of electrical power, such as AC mains.

As previously noted, such luminaires 102 are conventional and commercially

available from a large variety of sources.

The luminaire 102 may also include a socket 116 or other coupler

to allow removable physical and electrical mounting of a dusk-to-dawn sensor.

Standard NEMA compliant luminaries typically include such a sensor

accommodating socket 116, to allow dusk-to-dawn sensors to be easily

replaced. The socket 116 may be positioned to allow the dusk-to-dawn sensor

to be favorably positioned to have an unimpeded field-of-view. For example,

the socket 116 may be positioned on top of the housing 108 such that a sensor

mounted thereto generally faces skyward. While illustrated as threaded, other

types of sockets, receptacles or couplers may be employed.

The luminaire 102 may include a luminaire control circuit 120.

Typically, the luminaire control circuit 120 is configured to turn the light source

104 ON when a level of light detected by a sensor mounted via the socket 116

is below a turn ON threshold and to turn the light source 104 OFF when the



level of light detected by the sensor is above a turn OFF threshold. The turn

ON and turn OFF thresholds may, or may not, be equal to one another.

The light source 104 may take a variety of forms. The light source

may include one or more distinct light bulbs, lights or light emitters 122a-122n

(only two called out in Figure 1) . For example, the light source 104 may take

the form of one or more incandescent light bulbs. Also for example, the light

source 104 may take the form of one or more florescent light bulbs such as HID

light bulbs or lights, one or more arc lamps, or one or more gas-discharge

lamps. Advantageously, the light source 104 may take the form of one or more

solid state light sources, for instance an array of LEDs, OLEDs or PLEDs.

While illustrated as a bulb, the light sources do not necessarily have to be

enclosed in a bulb structure. For example, the light sources may take the form

of one-, two-, or even three-dimensional arrays of individual LEDs or strings of

LEDs. Where appropriate, the light source 104 may also include a ballast 124,

for example an electronic ballast.

The retrofit control subsystem 106 is selectively attachable,

mountable or coupleable to the luminaire 102 and luminaire control circuit 102,

and hence to the light source 104. In particular, the retrofit control subsystem

106 includes a base 126 sized to be received in the sensor receiving socket or

receptacle 116 of the luminaire 102. Typically, the base 126 will have a three

contact plug which allows the base 126 to be removably or detachably received

by the socket or receptacle 116 of the luminaire 102. The socket 114 and base

126 provide both physical coupling between the luminaire 102 and the retrofit

control system 106 and electrical coupling between the luminaire control circuit

120 and the retrofit control system 106.

The retrofit control subsystem 106 includes at least one sensor

118 (e.g., photosensor, cadmium sulfide cell, photodiode, phototransistor,

ambient light sensor integrated circuit) that is responsive to a level {e.g., energy

or intensity) of light or illumination in the environment {e.g., daylight or ambient

light). The sensor 118 may be positioned to minimize an effect of the light



source 104 on the sensor 118 . For example, the sensor 118 may be positioned

on be on top of the housing 108 when the retrofit control subsystem 106 is

mounted via the sensor receiving socket 118 .

The retrofit control subsystem 106 also includes electrical

circuitry, electronics, software and/or firmware that adjusts an illumination level

downward at a time after the light source is turned ON and adjusts the

illumination level upward at a time preceding the light source being turned OFF.

Such provides lighting at relatively high levels when illumination is typically

most useful, while providing lighting at reduced levels when illumination is not

typically useful, thereby reducing energy usage. The electrical circuitry,

electronics, software and/or firmware may also verify that detected levels of

light are within some defined threshold(s) of expected levels of light for a given

location, date and/or time. Alternatively, the electrical circuitry, electronics,

software and/or firmware may also verify that a time at which an event or

condition {e.g., dusk, dawn) is detected is within some defined threshold(s) of

expected time at which the event or condition was predicted to occur for a given

location, date and/or time. Such validation of levels or time may allow detection

of aberrations such as unintentional component failures or interference or even

intentional tampering or interference with the luminaire, and automatic

notification or alerts regarding the detection of such aberrations. Such may

also allow operation to continued, even if an aberrant condition occurs. The

electrical circuitry, electronics, software and/or firmware may automatically

determine a current location of the luminaire, current date and/or current time,

based at least in part on signals received from an external source {e.g., global

positioning satellites, cellular communications base stations, WiFi sources).

Such may advantageously reduce, or even eliminate, the need for training or

adaptive learning over multiple daily cycles, and produce more accurate

responses than could be produced using training or adaptive learning based

approaches.



Such is possible via a retrofit to existing luminaires. Such may

avoid the drawbacks associated with motion or proximity based control, such as

the limited range of motion or proximity sensors and lack of sensitivity of such

sensors in warm climates. As described in more detail below, the retrofit

control subsystem 106 may monitor the local time of day and location from

received data, and advantageously employ such in controlling the light source

104. Such can automatically accommodate seasonal changes in the length of

daylight or night.

Figure 2 shows an illumination system 200 according to another

non-limiting illustrated embodiment. The illumination system 200 includes a

conventional luminaire 202, illumination or light sources 204a, 204b, and retrofit

control subsystems 206a, 206b (only one visible in Figure 2).

The luminaire 202 may take any of a variety of forms. For

example, the luminaire 202 may include a housing 208, two shades 2 10a,

2 10b, and at least one optical sensor 2 18 . The housing 208 allows the

luminaire 202 to be hung from a structure. The shades 2 10a, 2 10b each

include a respective socket or receptacle 214a, 214b sized to receive a base

2 15a (only one visible in Figure 2) of the light source 204a, 204b. The shades

2 10a, 2 10b may be supported from the housing 208 by respective articulated

arms 230a, 230b. The arms 230a, 230b may include one or more joints 232a,

232b to provide multiple degrees of freedom which allows the shades 2 10a,

2 10b and respective light sources 204a, 204b to be positioned and oriented in

any desired manner. The optical sensor 2 18 may be supported from the

housing 208 by an arm 234, for example via a ball joint 236. Such may allow

the optical sensor 218 to be positioned and oriented with respect to the housing

208 and any structure to which the housing is mounted. As previously noted,

such luminaires 202 are conventional and commercially available from a large

variety of sources.

Luminaires 202 of this type typically have a control mechanism

that implements both dusk-to-dawn and motion or proximity based control.



Thus, the control mechanism relies on signals from the optical sensor to

implement motion or proximity sensing only during a period after a level of light

or illumination in the environment has fallen below a turn ON threshold {e.g., 10

Lux) and before the level of illuminations exceeds a turn OFF threshold {e.g.,

30 Lux). The control mechanism will turn the light sources 204a, 204b ON for a

period of time in response to the detection of motion between dusk and dawn,

turning the light sources 204a, 204b OFF after the period of time.

Respective retrofit control subsystems 206a, 206b are selectively

attachable or coupleable between the sockets or receptacles 214a, 214b of the

luminaire 202 and the bases 215a of the light sources 204a, 204b to provide an

interface therebetween. In particular, the retrofit control subsystems 206a,

206b include a base 226a (only one visible in Figure 2) sized to be received in

the sockets or receptacles 214a, 214b of the luminaire 202. Typically, the base

226a will have a thread which allows the base 226a to be threadedly removably

or detachably received by the socket or receptacle 2 14a, 241 b of the luminaire

202. The socket 214a, 214b and base 214a provide both physical and

electrical coupling between the luminaire 202 and the respective retrofit control

system 206a, 206b. The retrofit control subsystems 206a, 206b also include a

socket or receptacle 228a (only one visible in Figure 2) sized to receive the

base 2 15a of the light source 204a, 204b. Typically, the socket or receptacle

228a has a thread which allows the base 2 15a of the light source 204 to be

threadedly removably or detachably received by the socket or receptacle 228a.

The socket 228a and base 2 15a provide both physical and electrical coupling

between the retrofit control subsystem 206a, 206b and the respective light

source 204a, 204b.

As discussed above, the retrofit control subsystems 206a, 206b

include electrical circuitry, electronics, software and/or firmware that adjust an

illumination level downward {i.e., decrease) at a time after the light source is

turned ON and adjust the illumination level upward {i.e., increase) at a time

preceding the light source being turned OFF. Such provides lighting at



relatively high levels when illumination is typically most useful, while providing

lighting at reduced levels when illumination is not typically useful, thereby

reducing energy usage. The electrical circuitry, electronics, software and/or

firmware may also verify that detected levels of light are within some defined

threshold(s) of expected levels of light for a given location, date and/or time.

Such may allow detection of aberrations such as unintentional component

failures or unintentional interference with, or even intentional tampering or

interference with, the luminaire, and automatic notification or alerts regarding

the detection of such aberrations. Such may also allow operation to continued,

even if an aberrant condition occurs. The electrical circuitry, electronics,

software and/or firmware may automatically determine a current location of the

luminaire, current date and/or current time, based at least in part on signals

received from an external source {e.g., global positioning satellites, cellular

communications base stations, WiFi sources). Such may advantageously

reduce, or even eliminate, the need for training or adaptive learning over

multiple daily cycles, and produce more accurate responses than could be

produced using training or adaptive learning based approaches.

Such is possible via a retrofit to existing luminaires. Such may

avoid the drawbacks associated with motion or proximity based control, such as

the limited range of motion or proximity sensors and lack of sensitivity of such

sensors in warm climates. As described in more detail below, the retrofit

control subsystem 206a, 206b may monitor the local time of day and location

from received data, and advantageously employ such in controlling the light

source 204a, 204b. Such can automatically accommodate seasonal changes

in the length of daylight or night.

Figure 3 schematically illustrates an illumination system 300,

according to one non-limiting illustrated embodiment.

The illumination system 300 may employ a conventional luminaire

302, for example identical or similar to those illustrated in Figures 1 and 2 . The

luminaire 302 may include an optical sensor 304 and a control mechanism 306.



The optical sensor 304 can take any variety of forms, including light sensitive or

light responsive photosensors, cadmium sulfide cells, photodiodes,

phototransistors, ambient light sensor integrated circuits currently commercially

available. The control mechanism 306 may be an analog circuit, digital circuit

or may include both analog and digital circuit components, as well as software

or firmware instructions executable by one or more processors, for instance

microprocessors, digital signal processors, programmable gate arrays or

application specific integrated circuits. Again, a conventional commercially

available luminaire with an integral control mechanism may be employed.

The illumination system 300 may include at least one illumination

or light source 308, for example identical or similar to those discussed with

reference to Figure 1. In particular, the illumination system 300 may employ a

light source 308 that includes an array of solid-state light sources or emitters,

such as LEDs, OLEDs or PLEDs. The illumination system 300 may include a

ballast 3 10 for the light source 308. The ballast 3 10 may be an integral or

unitary part of the light source 308, or may be a separate discrete component

therefrom.

As previously explained, the control mechanism 306 may take the

form of a dusk-to-dawn photo control mechanism configured to turn the light

source(s) 308 ON when the sensor 304 senses a level of illumination or light in

the environment that is at or below a turn ON threshold. The control

mechanism 306 may be configured to turn the light source(s) 308 OFF when

the sensor 304 senses a level of light in the environment that is at or above a

turn OFF threshold. While the turn ON and turn OFF thresholds could be

equivalent, such would likely produce undesirable oscillation. Hence, some

separation should be maintained between the turn ON and turn OFF

thresholds. For example, the turn ON threshold may equal 10 LUX while the

turn OFF threshold may equal 30 LUX.

The illumination system 300 may include one more retrofit control

subsystems 3 12 . The retrofit control subsystem 3 12 may be identical or similar



to the retrofit control subsystem 106, 206 (Figures 1 and 2). The retrofit control

subsystem 312 may, for example, include a microcontroller 314 and one or

more non-volatile storage media 3 16 communicatively coupled to the

microcontroller 314. The microcontroller 314 may take any of a variety of

forms, for example a microprocessor, programmable gate array (PGA),

application specific integrated circuit (ASIC), etc. The non-volatile storage

media 3 16 may take any of a variety of forms, for example electrically erasable

programmable read only memories (EEPROMs), flash memories, etc.

The retrofit control subsystem 312 may additionally include one or

more antennas (only one illustrated) 3 17 and one or more receivers 3 18 (only

one illustrated) communicatively coupled to at least one of the antennas 3 17

and to the microcontroller 314. The antenna 317 may be internal to the retrofit

control subsystem 3 12 or may be electrically coupled to the retrofit control

subsystem 312 such that the antenna may be extended to an outer side of the

shade 110, 2 10a, 2 10b (Figures 1 and 2). The receiver 3 18 may also be

positioned within the retrofit control subsystem 3 12 . The receivers 3 18 may

take a variety of forms for example a global positioning system (GPS) receiver,

a cellular communications system receiver, a wireless telecommunications

receiver {e.g., WiFi), a landline transceiver, or a radio {e.g., AM, FM, Satellite )

receiver. The receiver 3 18 may provide information to the retrofit control

subsystem 312, such as information which is indicative of a current location of

the illumination system, and/or information that is indicative of a current date,

and/or time of day. As will be discussed in more detail below, the retrofit control

subsystem 312 may use information from the receiver 3 18 to determine an

expected level of light in the ambient environment, for example, to calibrate the

dusk-to-dawn controller 306 and/or to implement security features to the

illumination system 300.

The retrofit control subsystem 3 12 is electrically coupled to the

control mechanism 306 of the luminaire 302, for example via a socket and

base. The components of the retrofit control subsystem 3 12 may receive power



via this coupling or a standalone power source may be included. The retrofit

control subsystem 312 may include power supply circuitry 3 13 that rectifies,

steps down a voltage and otherwise transforms or conditions supplied electrical

power to a form suitable to power the microcontroller 314, non-volatile storage

media 3 16 and/or other components of the retrofit control subsystem 3 12 .

While the retrofit control subsystem 3 12 is illustrated as being

coupled between the luminaire 302 and light source 308, some embodiments

may employ one or more relays (not illustrated) to provide electrical power to

the light source 308 from the luminaire 302. The retrofit control subsystem 3 12

may employ a conventional light dimmer circuit to control light level output by

the light source 308. Alternatively or additionally, a network link to a

programmable lamp controller may be employed. Alternatively or additionally,

an analog voltage applied to a dimmable lamp controller may be employed, or a

resistor switched into a dimming input of a dimmable lamp controller.

Alternatively or additionally, the retrofit control subsystem may use one or more

switches {e.g., contact switches, relays, transistors, triacs) to switch in or out

individual or groups of light emitters that make up one or more light sources, or

lamp controllers which control the light sources.

The retrofit control subsystem 3 12 receives signals from the

control mechanism 306 of the luminaire 302 which are indicative of when the

control mechanism 306 attempts to turn the light source 308 ON and OFF in

response to a sensed illumination level being below a turn On threshold and

below a turn OFF threshold, respectively. The signals may be as simple as

providing electrical power to power the light source 308 then not providing

electrical power. The lamp may be turned on to full brightness or almost full

brightness in response to the dusk-to-dawn sensor sensing an illumination level

falling below a defined threshold {e.g., dusk threshold), then using the data

received from a wireless source to adjust the illumination level down at a pre

programmed time of day, then adjust the illumination level back to full

illumination at another preprogrammed time of day, and finally turned OFF



when the dusk to dawn sensor signals an illumination level above a threshold

{e.g., dawn threshold).

The microcontroller 314 can determine an expected level of light

for the ambient environment based upon information received by the receiver

3 18 . For instance, the receiver 3 18 may provide GPS data such as longitude

and/or latitude data indicative of the current location of the illumination system

300 and optionally the current time of day. Further, the receiver may provide

weather or other information which may be indicative of certain aspects {e.g.,

expected level of illumination) of the ambient environment for a give time and

geographic location. From the location and time of day, the microcontroller 314

may determine times at which to turn lighting ON, turn lighting OFF, increase a

level of illumination and/or decrease a level of illumination. The microcontroller

314 may additionally, or alternatively, determined an expected level of light in

the ambient environment for a given time of day, based at least in part on the

location. The microcontroller 314 may, for example, access data stored within

the non-volatile storage 3 16, such as sunrise/sunset tables, almanac

information, and/or daylight savings time tables, to determine and compare an

expected level of light for a given time of day with a detected level of light.

Differences between the detected level of light and the expected level of light

may be used to trigger an event, such as increase the level of light from the

illumination system 300, an aural notification {e.g., an alarm), and/or a

transmission of a data notification {e.g., through a wireless home network,

cellular network, telephone line, or a security system).

In some embodiments, the retrofit control subsystem 3 12 may

include a real time or solar clock 320 {i.e., a clock that tracks time in the real

world or with respect to the sun, rather than an internal clock of a processor

based system). Alternatively, the microcontroller 314 may implement a real

time or solar clock. The real time or solar clocks may be automatically

calibrated by the microcontroller 314 based upon information received from the

receiver 318. Such embodiments may also include a discrete internal power



source 322 (e.g., battery cells, capacitors, super- or ultracapacitors, fuel cell) to

supply power to the clock 320 while power is not being received from the

control mechanism 302 of the luminaire. The internal power source 322 may

be rechargeable, via the power supply circuitry 3 13 . The microcontroller 314

may determine solar midnight, from time-to-time {e.g., each daily cycle). In

particular, the microcontroller may divide the average or median time that the

light source is ON in half, which should occur at the darkest time of the daily

cycle {e.g., solar midnight). The microcontroller 314 may calibrate the real time

clock with the determined solar midnight. The microcontroller 314 may control

the increasing and decreasing of the level of light output by the light source 308

using the calibrated real time clock 320. This can prevent or reduce the effect

of artificial lights on the illumination system 300.

The operation is further described with reference to the methods

illustrated in Figures 7-1 8, below.

Figures 4A and 4B show an illumination system 400 according to

one non-limiting illustrated embodiment. The illumination system 400 includes

a luminaire 402 and at least one light source 404. The illumination system 400

may also include a sensor 4 18 that is responsive to a level of light or

illumination in the ambient environment, a receiver 420 {e.g., GPS receiver,

cellular receiver), and a motion detector 422. The illumination system 400 may

further include an integral control subsystem 406 and an antenna 424.

The luminaire 402 may take a variety of forms. Such forms

include luminaires that hold one, two, or more light sources 404. The luminaire

402 may also include a reflector 407, a housing 408, a shade 4 10 . The

brackets 412 may be used with attachment clips to attach a retrofit luminaire (all

parts except 408) to an existing, previously installed housing 408. The housing

408 and shade 4 10 may be in the shape of a circle, oval, square, rectangle,

triangle, or other polygon. The housing 408 and shade 4 10 may share a

common shape or they may be different shapes from one another.



The light source 404 can take a variety of forms. For example,

the light source 404 may be comprised of one or more incandescent lamps,

fluorescent lamps, or any of the various types of light emitting diodes (LEDs).

The light source 404 that is selected for use in the luminaire 402 may be based

upon the intended use of the illumination system 400. For example, a brighter

illuminating source may be selected over a more energy efficient source based

upon whether the area to be illuminated is residential or commercial, densely

populated or rural, and secured or public and/or on the relative cost of locating

sufficient luminaries to satisfactorily cover the area to be illuminated.

The reflector 407 may be optionally positioned around the light

source 404 to mitigate light trespass. For example, the reflector 407 may

define and limit the angle of the illumination footprint so as not to illuminate a

backyard or window of a neighboring home or structure. The reflector 407 may

provide the additional benefit of reducing light pollution, which obscures the

stars in the night sky, interferes with astronomical research, and may disrupt

ecosystems.

The heat sink 426 may be optionally positioned around the light

source 404 to transfer thermal energy away from the light source 404. Trapped

thermal energy in solid state devices may alter the color of the light source 404

or alter the operational characteristics, such as threshold voltages in transistors,

of components within the light source 404, as well as reduce the life of the light

source 404. The heat sink 426 may be composed of one or more thermal

conductors such as aluminum and copper or thermally filled polymers, and may

include a convoluted surface {e.g., fins, pins) to provide significantly more

surface area for a given volume occupied.

The illumination system 400 may use the sensor 4 18, the receiver

420, and/or the motion detector 422 to determine when to adjust the state of the

light source 404 between ON, OFF, and to adjust illumination levels between

ON and OFF. In particular, the illumination system 400 may use information

received via the receiver 420 to determine an expected level of light in the



ambient environment based at least in part on a current location of the

illumination system 400 as indicated in the received information, and optionally

in conjunction with a current date and/or current time. The illumination system

400 may use a geographical look up table, sunrise/sunset chart, or similar form

of organized data stored in non-volatile memory, or may use one or more

formulas or algorithms to analytically calculate such based in the received

information. In addition, daylight savings time status may be determined by the

controller based on the location data and a geographical lookup table other

method. The received information may be pre-processed by the receiver 420,

for example converting signals from two or more geographically disparate

sources into longitude and/or latitude information. Alternatively, a

microprocessor or other controller of the integral control subsystem 406 may

process the received information to determine the current geographic

coordinates and/or current date/time. Alternatively, data encoded in a cellular

communications signal may be used to determine local time and location.

As best illustrated in Figure 4B, the light source 404 may be

removably coupled to the luminaire 402, for instance via a threaded socket or

receptacle 405. Alternatively, the light source 404 may be integral to the

luminaire 402, particularly where the light source 404 includes a plurality of

solid-state light emitters.

The integral control subsystem 406 includes circuitry to control

operation of the illumination system 400 in a similar fashion to the operation

described above. In particular, the integral control subsystem 406 interfaces

with at least one sensor 4 18 {e.g., photosensor, cadmium sulfide cell,

photodiode, phototransistor, ambient light sensor integrated circuit) that is

responsive to a level of light in the environment {e.g., daylight or ambient light).

The sensor 4 18 may be positioned to minimize an effect of the light source 404

on the sensor 4 18 . For example, the sensor 4 18 may be positioned on top of

the housing 408 or on the shade 4 10 .



In contrast to the illumination system 200 of Figure 2 which

receive signals from the control mechanism, in the illumination system 400 the

control subsystem 406 may be coupled to receive signals directly from the

sensor 418. Thus, instead of receiving ON and OFF switching or power

signals, the control subsystem 406 may receive signals indicative of a sensed

level of light in the environment. Thus, in addition to the previously described

operation, the control subsystem 406 determines when the sensed level of light

is at or below a turn ON threshold and when the sensed level of light is at or

above a turn OFF threshold.

The integral control subsystem 406 may also directly interface

with the receiver 420 to verify or calibrate the information received from the

sensor 4 18 . For example, the control subsystem 406 may use data from a

GPS receiver (e.g., Delorme GPS2058-1 0 GPS receiver), such as latitude,

longitude, date, and time to determine an expected level of light. As discussed

in detail below, the control subsystem 406 may then compare the expected

level of light to the level of light sensed by the sensor 4 18 . Such may allow

detection of aberrant conditions, for example aberrant conditions associated

with unintentional failure of a component or associated with intentional

tampering with the illumination system. The use of data received from an

external source may also reduce or eliminate the need for training or learning

by the control system which might otherwise be required to establish the solar

day {e.g., solar noon, solar midnight) at the location where the luminaire is

installed. The control subsystem 406 may run in a variety of modes, e.g.,

security, calibrate, normal, etc., and produce an output based upon the

comparison between the expected level of light and the actually detected level

of light and the current operational mode in which the control subsystem 406 is

running.

The integral control subsystem 406 may be directly coupled to the

antenna 424 to provide communications with external systems. For example,

the antenna 424 may be a radio antenna, and the control subsystem 406 may



include hardware and/or software to extract location, date and/or time

information from the radio {e.g., radio or microwave portions of the

electromagnetic spectrum) signals, such as those sent from the National

Institute of Standards of Technology (NIST) radio station WWVB located in Fort

Collins, Colorado. The control subsystem 406 may then synchronize an

internal clock using the received date and time {e.g., Universal Coordinated

Time or UTS) to provide continued accuracy of ON and OFF switching of the

light source 404.

The integral control subsystem 406 may use the antenna 424 to

receive cellular communications signals. For example, the control subsystem

406 may include hardware and/or software to enable receiving information from,

and optionally transmitting information to, a cellular network. A subscription

with a cellular network carrier may enable the control subsystem 406 to acquire

location, date, and time data from local cellular base stations. The control

subsystem 406 may perform triangulation on signals received from

geographically disparate sources, for example received from three cellular

system base stations, to determine a current location of the luminaire. The

control subsystem may extract location information from data encoded in the

signal received from a single cellular base station, for example, by finding the

identity of the base station and using stored data to determine longitude and

latitude, or by direct encoding of location information in the cellular base station

signal. The control subsystem 406 may also extract current date and/or time

information from the cellular communications systems signals.

The subscription with a cellular network carrier may also

optionally enable the control subsystem 406 to transmit data to the cellular

network. For example, the control subsystem 406 may transmit data to notify a

person or system of an event, for instance an alert indicative of detection of an

aberrant condition. The notification can take the form of a short message

service (SMS), text message, email, or data packet. A notification event may

be defined by a sensed level of light being detected above or below a threshold



of the expected level of light. Such an event may be triggered, for example,

when a detected level of light is significantly below (i.e., by more than a defined

threshold) an expected level of light, for instance where a person covers the

sensor 4 18 . Such an event may be triggered, for example, when a detected

level of light is significantly above (i.e., by more than a defined threshold) an

expected level of light, for instance where a person shines a laser or other light

source at the sensor 4 18 in order to deceive the illumination system 400 into

shutting OFF the light source 404 during non-daylight hours. Thus, both the

above described aberrations may be indicative of intentional tampering.

Aberrations may alternatively be indicative of an unintentional condition, for

example a failed component, for instance a failed ambient light sensor 4 18 .

The ambient light sensor 4 18 may fail, producing a signal indicative of a sensed

level of light that is either higher than the actual level of light in the ambient

environment or lower than the actual level of light. Detection of aberrant

conditions, whether unintentionally or intentionally produced, may be

particularly advantageous. Such may allow the aberration to be reported,

investigated, with the failed component being replaced or repaired or the

tampering individual being apprehended or scared off, or allowing heightened

patrolling of a secured area in response.

The integral control subsystem 406 may use the antenna 424, or

a separate antenna, to provide wireless telecommunications device services.

For example, the control subsystem 406 may include hardware and/or software

to enable receiving information from and transmitting information to a personal

or commercial WiFi network. By providing wireless device services, the control

subsystem 406 may enable a person to set various levels and times of

illumination through a graphical user interface via a personal computer.

Alternatively, the wireless device service may enable the illumination system

400 to be one of several remotely controlled illumination systems, such as may

be used outside of a warehouse, at a shipyard, impoundment lot, motor pool,



other transportation facility, energy production facility, military facility or in

proximity to some other secured area.

While several embodiments of the integral control subsystem 406

are described in connection to wireless implementations, the present disclosure

also includes landline and other wired uses. For example, the control

subsystem 406 may include the hardware and/or software to manipulate a

landline so as to receive and transmit data at frequencies similar to those used

by a facsimile machine or frequencies used by digital subscriber line (DSL)

standards.

Figure 5 schematically illustrates an illumination system 500,

according to one non-limiting illustrated embodiment. The illumination system

500 may be identical or similar to the illumination system 400 illustrated in

Figures 4A and 4B.

The illumination system 500 may employ a conventional luminaire

502, for example identical or similar to that illustrated in Figure 3 or Figures 4A

and 4B, or of any other style. The illumination system 500 includes one or

more light sources 508 and optionally one or more ballasts 5 10 for the light

sources 508. Suitable examples of light sources 508 are described above.

The illumination system 500 includes an integral control

subsystem 5 12 which is integral to the luminaire. The integral control

subsystem 512 may be identical or similar to the integral control subsystem 406

(Figure 4A or Figure 4B). The integral control subsystem 5 12 may include a

sensor 504 that senses or is responsive to varying levels of light. The sensor

504 may take a variety of forms, some of which are described above. The

integral control subsystem 5 12 may include one or more antennas 5 17 (only

one show) and receivers 5 18 (only one show). The antenna 5 17 and receiver

5 18 may be operable to receive and transmit a variety of signals, some of which

are described above. The integral control subsystem 5 12 may, for example,

include a microcontroller 514 and one or more non-volatile storage media 5 16

communicatively coupled to the microcontroller 514. The microcontroller 514



may take any of a variety of forms, for example a microprocessor,

programmable gate array (PGA), application specific integrated circuit (ASIC),

etc. The non-volatile storage media 5 16 may take any of a variety of forms, for

example electrically erasable programmable read only memories (EEPROMs),

flash memories, etc. The microcontroller 514 may be communicatively coupled

to receive signals directly from the sensor 504, the receiver 5 18, and/or a clock

5 19 . The integral control subsystem 5 12 may include circuitry 513 that rectifies,

steps down a voltage and otherwise conditions supplied electrical power to a

form suitable to power the microcontroller 514, non-volatile storage media 516

and/or other components of the integral control subsystem 5 12 .

The integral control subsystem 5 12 may employ a variety of

switches or other mechanisms to turn the light source 508 ON and OFF and to

adjust the level of light output by the light source 508. For example, the integral

control subsystem 512 may employ various switches or conventional dimmer

circuits, for instance those circuits and circuit components discussed above in

reference to the retrofit control subsystem 3 12 . Like the retrofit control

subsystem 312, the integral control subsystem 512 may adjust the level of light

by adjusting a level of light emitted by each discrete light emitter and/or by

adjusting the number of discrete light emitters emitting light.

The microcontroller 514 receives signals from the sensor 504

which are indicative of levels of light sensed in the ambient environment around

or proximate the sensor 504. The microcontroller 514, or some dedicated

circuit, compares the signals to a turn ON threshold and a turn OFF threshold.

The microcontroller 514 determines whether the sensed level of light is at or

below a turn ON threshold, indicating that lighting is required. In response, the

microcontroller 514 may verify that the sensed level of light is within some

threshold of an expected level of light, and if so may cause the light source to

be turned ON at a first output level, which is typically relative high for the light

source. The microcontroller 514 may compare a programmed time of day at

which to reduce the illumination level, and if the local time of day is substantially



equal to that time, turn down ( i.e., decrease) the illumination level. While the

illumination is at a lower level, the microcontroller 514 may continue to compare

the local time of day with a programmed time of day at which the illumination

level is desired to be increased, and increase the illumination level when the

said times are substantially equal.

The microcontroller 514 determines whether the sensed level of

light is at or above a turn OFF threshold, indicating that lighting is no longer

required. In response, the microcontroller 514 may verify that the sensed level

of light is within some threshold of an expected level of light, and if so may

cause the light source to be turned OFF. In response to a detection of motion,

the microcontroller 514 may increase a level of light output or turn ON the light

sources.

Appropriate time delays hysteresis may be added or built into the

control subsystem 512 before the light source 110 is turned ON or OFF. During

these, sensed illumination levels remain approximately constant or the

microcontroller 5 14 will not register a single occurrence of an ON or OFF

threshold being met. This suppresses short-term noise events and thereby

avoids the microcontroller 514 from being falsely triggered to activate the light

source 110 due to short-term events such as vehicle headlights or a transient

moving object.

The microcontroller 514 also determines when to adjust the level

of output, the adjustment occurring between turning the light source ON and

OFF in a daily cycle. Such has been described above, and is described in

more detail below with reference to the various methods illustrated in the flow

diagrams.

Some embodiments of the integral control subsystem 5 12 may

include or implement the real time or solar clock 519, similar to that discussed

with reference to Figure 3, above. While such embodiment may include a

discrete internal power source, such typically would not be necessary where the

integrated control subsystem 512 receives power directly from the AC power



mains, rather than via a dusk-to-dawn control mechanism. The microcontroller

514 may control the turning ON and OFF as well as the increasing and

decreasing of the level of light output by the light source using the calibrated

real time clock 5 19 . The microcontroller 514 may also synchronize the real time

clock based on received signals indicative of a current date and/or current time

at the particular location at which the illumination system 500 is installed.

The microcontroller 514 may use the receiver 5 18 to obtain

information in order to perform various functions. For example, the

microcontroller 514 may use the receiver 5 18 to acquire location data {e.g.,

GPS data, cellular base station location signal strength, etc.), to determine a

current location. The microcontroller 514 may use the receiver 5 18 to interface

with a communications network, for example a cellular network, to receive radio

signals including date and time, to interface with a wireless telecommunications

network {e.g., WiFi, WAN, LAN, MAN) and/or to interface with a wired or

wireless security system. Various additional features that may exist in these

embodiments have been discussed above (Figures 4A and 4B). For example,

the microcontroller 514 may use GPS data to determine an expected level of

light for comparison with a sensed level of light. The microcontroller 514 may

initiate a notification event or transmit an alert through any one of or

combination of a cellular network, a wireless telecommunications network, or a

landline interface to transmit notification of anomalies or interferences with

normal operations of the illumination system 500. According to one

embodiment, the microcontroller 514 interfaces with receiver 5 18 to provide

wireless device services enabling a person to access and set various turn ON

and turn OFF thresholds through a graphical user interface (GUI) via a personal

computer, mobile computing device, personal data assistant, smart phone, or

the like.

Figure 6A shows a graph 600a of a level of light produced by a

light source over time during a first part of a year, according to one non-limiting

illustrated embodiment.



In particular, the level of light output by the light source is shown

along the Y-axis, while time is shown along the X-axis. In a first daily cycle

602a, the light source is turned ON at 604a to produce light at a first level {e.g.,

relatively high) 606a. The light source may be turned ON in response detecting

a first event or condition, for example that a level of light in the ambient

environment has fallen below some defined threshold {e.g., level of light

corresponding to dusk or "dusk threshold"). The first level 606a of light is

maintained until detection of a second event or condition. For example, the first

level 606a of light may be maintained until a real world time at the particular

location reaches some defined first adjustment time {e.g., 10PM). Thus, the

first level 606a of light may be maintained for a first duration 608a, which may,

for example, be the duration of time between sensing dusk and a defined or set

time {e.g., 10PM). The level of light produced by the light source is then

adjusted at 6 10a to produce a second, lower level 6 12a. The second level of

light 6 12a may be deemed sufficient to provide some level of lighting when the

amount of traffic {e.g., foot or vehicle traffic) in the location is expected to be

small, while still being efficient.

The second level 612a of light may be maintained until a detection

of a third event or condition. For example, the second level 6 12a of light may

be maintained until a real world time at the particular location reaches some

defined second adjustment time {e.g., 6AM). Thus, the second level 6 12a of

light may be maintained for a second duration 614a, which may, for example,

be the duration of time between 10PM and 6AM. The level of light produced is

then adjusted at 6 16a to produce a third level 606a of light, higher than the

second level 6 12a. While illustrated as equal to the first level 606a, the third

level may be higher or lower than the first level 606a.

The level of light is maintained until detection of a fourth event or

condition. For example, the third level of light 606a may be maintained until a

level of light in the ambient environment has increased to or above some

defined threshold {e.g., level of light corresponding to dawn or "dawn



threshold"). Thus, the level of light may be maintained for a third duration 618a,

which may, for example, be the duration of time between the set time 6AM and

sensing dawn. As illustrated, this pattern may repeat for additional daily cycles,

although the length of the durations 608a, 6 18a may gradually change, for

example as the time of sunrise and sunset varies changes throughout the year.

The thresholds {e.g., turn ON or dusk threshold; turn OFF or dawn

threshold) may be factory set or may be user configurable, set based on user

input received via a user interface {e.g., buttons, switches, dials,

potentiometers, shorting jumpers, wired or wireless communications ports, or

via power line carrier control) of the luminaire. The adjustment times 6 10a,

6 16a at which the level of light is adjusted may be factory set or may be user

configurable, set based on user input received via a user interface {e.g.,

buttons, switches, dials, potentiometers, shorting jumpers, wired or wireless

communications ports, or via power line carrier control) of the luminaire. Such

user input may, for instance, indicate a fixed real world time for the second and

third thresholds.

Figure 6B shows a graph 600b of a level of light produced by a

light source over time during a second part of a year, according to one non-

limiting illustrated embodiment.

Times or durations corresponding to those of Figure 6A are called

out using the same reference numerals but with the lower case letter "b" instead

of the lower case letter "a" used in Figure 6A. The pattern is similar to that

illustrated in Figure 6A, however the first threshold {e.g., turn ON or dusk

threshold) is reached at an earlier time 604b in the daily cycle while the fourth

threshold {e.g., turn OFF or dawn threshold) is reached at a later time 620b in

the daily cycle to the change in the amount of daylight hours in the daily cycle.

Hence, the first duration 608a at the relatively high first level 606b is longer than

that illustrated in Figure 6A, starting earlier. Likewise, the third duration 6 18b at

the relatively high third level 606b is longer than that illustrated in Figure 6A,

ending later. Such is in response to the amount of daylight in the daily cycle



602b being shorter than that illustrated in Figure 6A. Thus, Figure 6A may

represent summer in the Northern Hemisphere, while Figure 6B may represent

winter in the same location.

Figure 6C shows a graph 600c of a level of light produced by a

light source over time during the first part of a year with dusk and dawn sensing

thresholds set to be reached earlier and later in a daily cycle, respectively,

according to one non-limiting illustrated embodiment.

Times or durations corresponding to those of Figure 6A and 6B

are called out using the same reference numerals but with the lower case letter

"c" instead of the lower case letter "a" or "b" used in Figures 6A and 6B,

respectively. The pattern is similar to that illustrated in Figure 6A, however the

threshold at which a level of light corresponding to dusk is sensed is adjusted

downward or reduced such that dusk is sensed at an earlier time 604c in a daily

cycle {e.g., 5:00PM), while the threshold at which a level of light corresponding

to dawn is sensed is adjusted upward or increased such that dawn is sensed at

an earlier time 620c in the daily cycle {e.g., 5:30AM). Additionally, the time

6 10c at which the level of illumination is reduced is set to occur later, and the

time 6 16c at which the level of illumination is raised is set to occur earlier than

in Figure 6A. Consequently, first and third durations 608c, 6 18c at the high

level 606c are longer than that illustrated in Figure 6A. As noted above, the

times 6 10c, 6 16c at which the level of light is adjusted may be factory set or

may be user configurable, set based on user input received via a user interface

{e.g., buttons, switches, dials, potentiometers, shorting jumpers, wired or

wireless communications ports, or via power line carrier control) of the

luminaire.

Figure 6D shows a graph 600d of a level of light produced by a

light source over time during the second part of a year, according to one non-

limiting illustrated embodiment.

Times or durations corresponding to those of Figures 6A-6C are

called out using the same reference numerals but with the lower case letter "d"



instead of the lower case letter "a" "b" or "c" used in Figures 6A-6C,

respectively. The pattern is similar to that illustrated in Figure 6A, however the

third threshold has been changed such that the first and third durations 608d,

6 18d are of unequal lengths with respect to one another. For example, the third

threshold may be set to occur at a later time 6 16d {e.g., 8AM), as compared to

an earlier time 6 16a {e.g., 6AM). As previously noted, the third threshold may

be user configurable, set based on user input received via a user interface

{e.g., buttons, switches, dials, communications port) of the luminaire.

Figures 7A-7C show a high level method 700 of operating an

illumination system to provide illumination in an area, such as a secured area,

according to one non-limiting illustrated embodiment.

The method 700 starts at 702. For example, the method 700 may

start upon application of power to the luminaire or turning ON of a switch or

relay, either locally or remotely located from the illumination system. The

illumination system may, for example, be controlled remotely via one or more

communications channels, for example one or more extranets, intranets, or the

Internet, or via one or more cellular, plain old telephone service (POTS), or

other telecommunications channels or networks.

At 704, at least one component of the illumination system

receives one or more signals indicative of a current location of the illumination

system. Optionally, the at least one component also receives signals indicative

of the current date and/or current time. For example, a control subsystem may

include a receiver configured to receive GPS signals from GPS satellites,

cellular network signals from cellular base stations, wireless networks signals,

landline signals, radio signals, or the like.

At 706, at least one component of the illumination system

determines a current location of the illumination source. For example, an

integral control subsystem may include a microcontroller operable to decode a

stream of data, including latitude and longitude data from a receiver such as a

GPS receiver, to determine the current location of the illumination system. The



microcontroller may then store information indicative of the current location in a

non-volatile memory or storage medium. As another example, the

microcontroller may be operable to determine the current location based on

signals received from geographically dispersed terrestrial sources, using

triangulation or other algorithms or approaches {e.g., signal time of flight). For

instance, the microcontroller may be operable to determine the location by

querying the receiver which is configured to acquire signals from two or more

cellular network radio towers or base stations. One cellular network signal may

also be used if the location or identity of the tower is encoded into the

transmitted signal.

At 708, at least one component of the illumination system

determines the current time. For example, a microprocessor may convert a

current time indicated in the received signal from one format to another. For

instance, the microprocessor may convert a Universal Coordinate Time (UCT)

or Greenwich Mean Time (GMT) representation to a local time based on the

determined location of the illumination system. Such may account for whether

day light saving time is, or is not in effect, at the determined location.

Alternatively, or additionally, the illumination system may include a real time

clock or a solar clock. The clock may be initially set by user input or by

synchronizing the clock based upon GPS signals, cellular network signals, radio

signals, {e.g., UCT signal) or other signals received by the receiver, and may be

updated or synchronized from time-to-time {e.g., periodically or aperiodically)

based on such signals.

At 7 10, at least one component of the illumination system detects

the level of light in the ambient environment. The illumination system or retrofit

may include an ambient light sensor {e.g., photosensor, cadmium sulfide cell,

photodiode, phototransistor, ambient light sensor integrated circuit) that is

responsive to a level of light in the ambient environment {e.g., daylight or

ambient light). The controller subsystem may include a microcontroller and a

non-volatile memory or storage medium into which the sensor periodically



stores sensed levels of light. An integral subsystem controller of the

illumination system may query registers to retrieve stored data representing the

current level of light. Alternatively, the sensor may be directly controlled by the

integral subsystem controller which may receive real-time indications of levels

of light from the sensor.

At 7 12, the illumination system determines whether the detected

level of light is at equal or less than (i.e., equals or below) to a first threshold.

The first threshold may represent a level of light at which the illumination is to

be turned ON [e.g., dusk threshold). If the detected level of light is less than or

below the first threshold, control passes to 714. Otherwise, control passes to

724.

At 7 14, at least one component of the illumination system

validates the result of the comparison of the detected level of light in the

ambient environment to the first threshold with respect to at least one expected

condition. In other words, the component validates the detection of the

occurrence of an event or condition [e.g., dusk). For example, the

microprocessor may compare an actual level of illumination detected to an

expected level of illumination for the particular location, at the current time and

current date. Also for example, the microprocessor can compare the actual

time the event {e.g., dusk) occurred or was detected to an expected or

predicted time of the event at the particular location and current date. Such

approaches are may identify malfunctioning components, unintentional

interference or even intentional tampering. Detecting such aberrations

facilitates preventing or detecting false positive or false negative results. Such

approaches are discussed in detail below, in reference to Figures 8 and 9 .

At 7 16, at least one component of the illumination system

determines whether the detection was valid. If the detection was valid control

passes to 722. If the detection was not valid or was invalid, control passes to

7 18 .



At 7 18, at least one component of the illumination system

produces a notification or alert. The notification or alert may take many forms.

An aural alert may include a wide range of alarms sounds produce via one or

more speakers, sirens, klaxons, either commonly located with the illumination

system or remote therefrom. The aural alert may be provided at a user

selectable volume. A visible alert may include flashing, blinking or strobing one

or more lights located commonly with the illumination system, and/or remotely

therefrom. Such may a flashing pattern executed by the illumination source

itself. A data alert may be transmitted through a cellular network, a wireless

network, a landline, or other communications networks or channels. The data

alert may be sent to a security center, to a multimedia center which initiates

video capture of the vicinity, or to the personal computer or smart phone of a

person responsible for the area illuminated by the illumination system. Such an

alert system may satisfy a governmental or other requirement or condition for

security lighting. Further, on the occurrence of an aberration or fault, whether

unintentional or intentional, the control system may default to an ON condition,

at the brightest level of illumination.

Optionally at 720, at least one component of the illumination

system may adjust a level of output of the at least one illumination source. For

example, the microprocessor may increase the output of the illumination

sources to a relatively high level, which may be at or proximate a highest output

level of the illumination sources. Such may be particular appropriate where

failure of a component (e.g., sensor) or tampering may be suspected based on

the determination that the detection was not valid. For example, such may be a

particularly appropriate response where a high level of light is detected in the

ambient environment at a time when a low level is expected since such may

indicate that someone is deliberately shining a light at the senor to trick the

illumination system. Control then returns to 704, and the method 700 is

repeated, or may be called again by a calling routine or program.



In response to determining that a detected level of light in the

ambient environment is equal to or below a first threshold (e.g. dusk threshold)

at 7 12 and determining the detected condition is valid at 7 16, at least one

component of the illumination system turns ON the at least one illumination

source at 722. For example, the microcontroller may control a power supply or

other circuit to cause electrical power to be supplied to one or more of the

illumination sources. For instance, depending on the particular type of light

source, the control mechanism, may rectify and/or reduce a voltage, current, or

duty cycle of the electrical power via any variety of electrical or electronic

circuitry [e.g., rheostat, DC/DC converter, other power regulator). The

illumination sources may, for example, be turned ON to a relatively high level,

for instance proximate to the full rated output of the illumination sources.

Additionally, or alternatively, all or a large number of the commonly located

illumination sources may be turned ON, to provide the desired level of

illumination. The method may then continue at 724.

At 724, at least one component of the illumination system

determines whether the level of illumination should be adjusted. For example,

the microprocessor may determine whether the real world time is equal to a

defined first adjustment time. The first adjustment time may be a user or

otherwise defined time at which the level of illumination produced by the at least

one light source is programmed or configured to be reduced. For instance, a

user or other individual or entity may determine that the amount of traffic {e.g.,

foot traffic) in a retail parking lot or a public park is minimal sometime after the

retail hours {e.g., 11PM). Thus, there is generally no need for maintaining

illumination at full output. Thus, a time for decreasing illumination levels may

be set, using the real world local time of the location. Such not only results in

energy efficient operation, but does so using an easy to understand, intuitive

user interface making it more likely that this feature is used, and used correctly.

If the first adjustment time has been reached, the level of

illumination is adjusted at 726. For example, at least one component of the



illumination system decreases or reduces the amount of illumination provided

by the at least one illumination source. For instance, the microcontroller may

control a power supply or other circuit to cause electrical power to be supplied

to one or more of the illumination sources. The amount of power delivered to

respective ones of the illuminations sources may be reduced, for instance using

a shorter duty cycle in a pulse width modulated system. Alternatively, or

additionally, fewer of the illumination sources may be powered or turned ON,

some of the illumination sources being turned OFF to reduce the cumulative

illumination level output by the illumination sources.

In such an embodiment, a first number of illumination sources are

powered to achieve a relatively high level of illumination, while a second

number of illumination sources, less than the first, are powered to produce the

relatively lower, yet non-zero level of illumination. When operated in this

fashion, at least one component of the illumination may vary the particular

illuminations sources that are powered and those which are not, for example

from daily cycle to daily cycle. Such may cause any wear to be distributed

relatively evenly across the total number of illumination sources. This may help

to achieve relatively uniform illumination output between the various illumination

sources, particularly where the output varies with use over time. This may also

reduce the number of times that any given set of illumination sources need to

be serviced, since this approach will cause all of the illumination sources to

tend to reach the end of their useful lives around the same time. The variation

may be or may be varied randomly, for example using a random number

generator to select which ones of the illumination sources will be ON and which

OFF to achieve the lower level of illumination.

At 728, at least one component of the illumination system

determines whether motion is sensed in the illuminated area. Such may

employ any of a variety of motion sensors {e.g., photosensor, cadmium sulfide

cell, photodiode, phototransistor, ambient light sensor integrated circuit,

Videocon, CCD array).



If motioned is sensed, control passes to 730 where a timer is

started. The timer is used to control how long {e.g., 1 minute, 5 minutes, 15

minutes) an elevated illumination will be provided in response to sensing motion

on the illuminated area. The timer may be integral to the microprocessor or

may be a distinct timer.

At 732, at least one component of the illumination system adjusts

the output of the illumination source. For example, in response to sensing

motion, the microprocessor may cause an output of the at least one light source

to be increased. For instance, the microcontroller may control a power supply

or other circuit to cause electrical power to be supplied to one or more of the

illumination sources. The amount of power delivered to respective ones of the

illuminations sources may be increased, for instance using a longer duty cycle

in a pulse width modulated system. Alternatively, or additionally, a greater

number of the illumination sources may be powered or turned ON, to increase

the cumulative illumination level output by the illumination sources.

At 734, at least one component of the illumination system

determines whether the timer has reached the first defined time, repeating a

wait loop until the defined time condition is reached. Upon reaching the defined

time, at least one component of the illumination system adjusts the output of the

illumination sources at 736, for example reducing the output back to the

relatively low, non-zero, level of illumination that was being provided before the

motion was sensed. Again, the microcontroller may control a power supply or

other circuit to cause electrical power to be supplied to one or more of the

illumination sources. The amount of power delivered to respective ones of the

illuminations sources may be reduced, for instance using a shorter duty cycle in

a pulse width modulated system. Alternatively, or additionally, fewer of the

illumination sources may be powered or turned ON, some of the illumination

sources being turned OFF to reduce the cumulative illumination level output by

the illumination sources. At 738, the timer is reset in preparation for future use.



At 740, at least one component of the illumination system

determines whether the level of illumination should be adjusted. For example,

the microprocessor may determine whether the real world time is equal to a

defined second adjustment time. The second adjustment time may be a user or

otherwise defined time at which the level of illumination produced by the at least

one light source is programmed or configured to be increased. For instance, a

user or other individual or entity may determine that the amount of traffic {e.g.,

foot traffic) in a retail parking lot is increases sometime before the retail hours

{e.g., 8AM) or sometime before dawn {e.g., 5AM-9AM). Consequently, there is

generally a need for maintaining illumination at full output. Thus, a time for

increasing illumination levels may be set, using the real world local time of the

location. Such not only results in energy efficient operation, but does so using

an easy to understand, intuitive user interface making it more likely that this

feature is used, and used correctly.

If the second adjustment time has been reached, the level of

illumination is adjusted at 742. For example, at least one component of the

illumination system increases the amount of illumination provided by the at least

one illumination source. For instance, the microcontroller may control a power

supply or other circuit to cause electrical power to be supplied to one or more of

the illumination sources. The amount of power delivered to respective ones of

the illuminations sources may be increased, for instance using a longer duty

cycle in a pulse width modulated system. Alternatively, or additionally, a

greater number of the illumination sources may be powered or turned ON to

increase the cumulative illumination level output by the illumination sources. In

such an embodiment, a first number of illumination sources are powered to

achieve a relatively high level of illumination, while a second number of

illumination sources, less than the first, are powered to produce the relatively

lower, yet non-zero level of illumination.

At 744, at least one component of the illumination system

determines whether the detected level of light is equal to or greater than a



second threshold. The second threshold may represent a level of light at which

the illumination is to be turned OFF {e.g., dawn threshold). If the detected level

of light is at least equal to the second threshold, control passes to 746.

Otherwise, control returns to 704 and the method 700 may repeat.

At 746, at least one component of the illumination system

validates the result of the comparison of the detected level of light in the

ambient environment to the second threshold with respect to at least one

expected condition. In other words, the component validates the detection of

the occurrence of an event or condition {e.g., dawn). For example, the

microprocessor may compare an actual level of illumination detected to an

expected level of illumination for the particular location, at the current time and

current date. Also for example, the microprocessor can compare the actual

time of the event or detection thereof to an expected or predicted time of the

event {e.g., dawn) at the particular location and current date. Such approaches

are may identify malfunctions, unintentional interference with, or even

intentional tampering. Identifying such aberrations may facilitate in preventing

or detecting false positive or false negative results. Such approaches are

discussed in detail below, in reference to Figures 8 and 9 .

At 748, at least one component of the illumination system

determines whether the detection was valid. If the detection was valid control

passes to 754. If the detection was not valid or was invalid, control passes to

750.

At 750, at least one component of the illumination system

produces a notification or alert. As previously discussed, the notification or alert

may take many forms, which will not be repeated here in the interest of brevity.

Optionally at 752, at least one component of the illumination

system may maintain or adjust a level of output of the at least one illumination

source. For example, the microprocessor may cause the output of the

illumination sources to be maintained or increased to a relatively high level, at

or proximate a highest output level of the illumination sources. Such may be



particular appropriate where failure of a component (e.g., sensor) or tampering

may be suspected based on the determination that the detection was not valid.

Control then returns to 704, and the method 700 is repeated, or may be called

again by a calling routine or program.

In response to determining that a detected level of light in the

ambient environment is equal to or greater than a second threshold (e.g. dawn

threshold) at 744 and determining the detected condition is valid at 748, at least

one component of the illumination system turns OFF the at least one

illumination source at 754. For example, the microcontroller may control a

power supply or other circuit to cause cessation of electrical power being

supplied to one or more of the illumination sources. Control may pass to 704,

and the method 700 repeated.

The method 700 may be implemented to automatically turn ON

and turn OFF illumination in response to detected ambient conditions, and to

selectively increase and decrease the level of illumination at selected times

and/or in response to detection of motion. Such may reduce, or even eliminate,

the need to train, learn or adjust to the lighting conditions at a current location,

or may eliminate that training, learning, or adjustment to refinements related to

artificial light sources or conditions at the location. Thus, for example, a single

retrofit or integral control subsystem may be sold and/or installed in locations at

widely different latitudes (e.g., Miami, Florida and Nome, Alaska) with little or no

self training required by the system. Notably, the variation in the length of

daylight/nighttime is more extreme the farther a location is from the Equator.

Such retrofit or integral control subsystem can automatically accommodate to

the significant differences between locales. The microcontroller may store the

time (e.g., time relative to turning ON, time indicated by real time clock) in the

non-volatile storage media. The method 700 may advantageously include

verification of the detection of conditions or events, allowing detection of

suspected instances of unintentional failure of one or more components,



unintentional interference and/or intentional tampering with one or more

components.

Figure 8 shows a method 800 of performing validating a detection

of a condition or event, according to one illustrated embodiment. The method

800 may be useful in performing the validating 714, 746 (Figures 7A-7C) of the

method 700.

At 802, at least one component of the illumination system

determines the level of light expected in the ambient environment for the

determined current location, current date and/or the current time. The current

location may be derived from one or more signals received from an external

source, for instance from one or more GPS satellites or cellular

communications base stations. The current date and/or current time may

likewise be derived from one or more signals received from an external source,

or alternatively, or additionally be derived from a calendar and/or real world time

clock maintained by the illumination system. The illumination system may from

time to time synchronize the calendar and/or real world time clock maintained

thereby with the current date and/or time indicated in the signal(s) received

from the external source(s).

A microcontroller may access lookup tables stored in non-volatile

memory to determine the expected level of light based on the determined

current location, current date and/or the current time. The lookup tables may

include data representing solar midnight and solar noon, and/or times for

sunrise and sunset. Alternatively, or additionally, the microcontroller may

analytically calculate the expected level of light information based on the

determined current location, current date and/or the current time using one or

more formulas. The microcontroller may also adjust the expected level of

illumination based on whether day light savings applies in the particular

location. The microcontroller may even adjust the expected level of illumination

based on current or forecasted weather conditions, which may be indicated in

the received signals. As a further alternative, the microcontroller may wirelessly



query a remote database via a wireless network with the determined current

location, current date and/or the current time, to obtain the expected level of

light.

At 804, at least one component of the illumination system

determines whether a detected level of light in the ambient environment is

within a defined threshold of an expected level of light in the ambient

environment for the determined current location, current date and/or the current

time. In other words, the component, for instance the microprocessor, validates

the detection by ensuring that the actual level of light detected in the ambient

environment is what is expected or predicted for the time of day, at the time of

year and the particular location. Otherwise, the detection may be the result of

an aberrant condition, for example a failure of a component or intentional

tampering or unintentional interference.

The defined threshold provides a margin of variability in expected

light level in the ambient environment, compensating for fluctuations due to high

light pollution, clouds, phases of the moon, and other natural causes of

variation in nighttime levels of light. In some instances it may be useful to set

the defined threshold to detect unwanted covering of the ambient light sensors,

such as by a hand, bag or dark plastic or the shinning of some other light

source at the sensor. Thus, the illumination system sensitivity may be adjusted

to differentiate between natural causes of changing light levels and the actions

of perpetrators seeking to manually defeat the purpose of the illumination

system.

So, at 804, the illumination system is essentially determining

whether the determination or measurement of ambient light conditions made is

consistent with what is expected for the particular current location and/or

current date and/or time. If the detected level of light in the ambient

environment is within a defined threshold of an expected level of light in the

ambient environment, the detection is identified as valid at 806, and if not the

detection is identified as not valid or invalid at 808.



Figure 9 shows a method 900 of performing validating a detection

of a condition or event, according to another illustrated embodiment. The

method 900 may be useful in performing the validating 714, 746 (Figures 7A-

7C) of the method 700.

At 902, at least one component of the illumination system

determines an expected time of day at which a particular trigger event or

condition {e.g., light levels associated with dusk and/or dawn) is predicted to

occur for the determined current location, current date and/or the current time.

The current location may be derived from one or more signals received from an

external source, for instance from one or more GPS satellites or cellular

communications base stations. The current date and/or current time may

likewise be derived from one or more signals received from an external source,

or alternatively, or additionally be derived from a calendar and/or real world time

clock maintained by the illumination system. The illumination system may from

time to time synchronize the calendar and/or real world time clock maintained

thereby with the current date and/or time indicated in the signal(s) received

from the external source(s).

The microcontroller may access lookup tables stored in no n

volatile memory or storage media to determine the expected level of light based

on the determined current location, current date and/or the current time. The

lookup tables may include data representing solar midnight and solar noon,

and/or times for sunrise and sunset. Alternatively, or additionally, the

microcontroller may analytically calculate the expected time information based

on the determined current location, current date and/or the current time using

one or more formulas. The microcontroller may also adjust the expected time

based on whether day light savings time is in effective or applicable in the

particular location. The microcontroller may even adjust the expected time

based on current or forecasted weather conditions, which may be indicated in

the received signals. As a further alternative, the microcontroller may wirelessly



query a remote database via a wireless network with the determined current

location, current date and/or the current time, to obtain the expected time.

At 904, at least one component of the illumination system

determines whether a detected time at which the event or condition occurred or

was sensed in the ambient environment is within a defined threshold of the

expected time that the event or condition was predicted to occur for the

determined current location, current date and/or the current time. In other

words, the component, for instance the microprocessor, validates the detection

by ensuring that the actual time that the event or condition occurred or was

sensed is what is expected for the time of day, at the time of year and the

particular location. Otherwise, the detection may be the result of an aberrant

condition, for example a failure of a component or intentional tampering or

unintentional interference.

The defined threshold provides a margin of variability in expected

time, compensating for fluctuations due to high light pollution, clouds, phases of

the moon, and other natural causes of variation in nighttime levels of light. In

some instances it may be useful to set the defined threshold to detect unwanted

covering of the ambient light sensors, such as by a hand, bag or dark plastic or

the shinning of some other light source at the sensor. Thus, the illumination

system sensitivity may be adjusted to differentiate between natural causes of

changing light levels and the actions of perpetrators seeking to manually defeat

the purpose of the illumination system.

So, at 904, the illumination system is essentially determining

whether the determination or measurement of ambient light conditions made is

consistent with what is expected for the particular current location and/or

current date and/or time. If the detected time that the event or condition

actually occurred is within a defined threshold of an expected time that the

event or condition was predicted to occur, the detection is identified as valid at

906, and if not the detection is identified as not valid or invalid at 908.



Figure 10 shows a method 1000 of operating a retrofit or integral

control subsystem to determine a location of the illumination system based at

least in part on GPS data from GPS satellites and to determine an expected

level of light based at least in part on the determined location, according to one

non-limiting illustrated embodiment. The method 1000 may be employed with

the method 700 (Figures 7A-7C).

At 1002, a receiver receives signals from GPS satellites. The

receiver may employ a passive or active antenna, although signal reception is

significantly better with active antennas when compared to passive antennas.

The receiver synchronizes with and receives information from and about at

least one satellite. Each GPS satellite transmits the date, time, the satellite's

orbit information, and an orbit almanac of the other GPS satellites. While date

and time may be acquired from a single satellite, determination of a static

location typically requires synchronization with at least three GPS satellites.

Notably, the GPS receiver may be an integral part of the illumination system or

even the luminaire or may be separate and distinct therefrom.

At 1004, the retrofit or integral control subsystem determines at

least a current latitude of the illumination system from the received signals.

Determining latitude may be particularly important when compensating for

differences in lengths of days and lengths of nights as a location of interest

moves further away from the equator. The retrofit or integral control subsystem

determines the latitude of the illumination system by triangulating the signals

received from multiple GPS satellites.

Optionally, at 1006, the retrofit or integral control subsystem

determines a current longitude of the illumination system from the received

signals. Determining latitude and/or longitudinal allows control subsystems to

be advantageously manufactured without any knowledge of or regard for the

particular locations where those systems may be installed.

Optionally, at 1008, the retrofit or integral control subsystem

determines whether daylight savings applies for the particular location and date.



The control subsystem may use a lookup table which may include information

regarding the time zones of continents, countries, states or other geographical

or political boundaries. The lookup table may, for example, produce an offset

from coordinated universal time (UTC) based upon inputs of latitude, longitude,

and the date of the request.

At 10 10, the retrofit or integral control subsystem determines the

current time from the received signals. The control subsystem determines the

current time by parsing the data stream output from the GPS receiver.

Optionally, at 1012, the retrofit or integral control subsystem

updates the real time clock. Common electronics use quartz based real time

clocks because quartz crystal-based clocks are cheaper to manufacture than

the more precise time keeping alternatives. The determined current time from

the received signals may be used to update the real time clock of the

illumination system.

The method 1000 may be integrated with the method 700, method

800, method 900 and/or any of the other previously described methods.

Figure 11 shows a method 1100 of operating a retrofit or integral

control subsystem to determine a current location of a lighting system based at

least in part on signals from one or more cellular base stations, and to

determine an expected level of light based at least in part on the determined

location, according to one non-limiting illustrated embodiment. The method

1100 may be employed with the method 700 (Figures 7A-7C).

At 1102, a cellular communications receiver receives signals from

one or more cellular base stations. The received signals may include

information identifying the carrier, the signal strength, the state and county of

the base station, and general handshaking instructions for the receiving device

to follow.

At 1104, the retrofit or integral control subsystem determines at

least a current latitude of the illumination system from the received signals. The

cellular base stations track the locations of cellular receivers/transceivers using



triangulation or other methods. The one or more cellular base stations may

transmit latitude coordinate of the illumination system to the receiver upon

receipt of a proper query to the base station. Alternatively, the retrofit or

integral control subsystem may perform the triangulation or other position

estimating algorithm based on signals received from two or more

geographically disparate cellular base stations. Notably, the cellular

communications receiver may be an integral part of the illumination system or

even the luminaire or may be separate and distinct therefrom.

Optionally, at 1106, the retrofit or integral control subsystem

determines a current longitude coordinate of the illumination system. For

example, the retrofit or integral control subsystem may transmit a query to the

one or more cellular base stations and may decode the reply received from the

one or more cellular base stations. Determining latitude and/or longitudinal

allows control subsystems to be advantageously manufactured without any

knowledge of or regard for the particular locations where those systems may be

installed.

Optionally, at 1108, the retrofit or integral control subsystem

determines whether daylight savings applies for the particular location and date.

The control subsystem may use a lookup table which may include information

regarding the time zones of continents, countries, states or other geographical

or political boundaries. The lookup table may, for example, produce an offset

from coordinated universal time (UTC) based upon inputs of latitude, longitude,

and the current date.

At 1110, the retrofit or integral control subsystem determines the

current time from the received signals. The control subsystem determines the

current time by decoding the stream of data transmitted by the cellular base

stations. The time may already be adjusted for daylight savings time, the time

may be in UTC format, or the time may be adjusted for the location serviced by

the cellular base station.



Optionally, at 1112, the retrofit or integral control subsystem

updates the real time clock. Common electronics use quartz based real time

clocks because quartz crystal-based clocks are cheaper to manufacture than

the more precise time keeping alternatives. The determined current time from

the received signals may be used to update the real time clock of the

illumination system.

The method 1100 may be integrated with the method 700, method

800, method 900and/or any of the other previously described methods.

Figure 12 shows a low level method 1200 of operating a control

subsystem of an illumination system to produce a notification, according to one

non-limiting illustrated embodiment. The method 1200 may be employed with

the method 700 (Figures 17A-1 7C).

At 1202, at least one component of the illumination system

transmits an alert over one or more communications channels. The employed

communications channel may take a variety of forms. The data-based alert

may take the form of an SMS, text message, or email message over a cellular

network. The illumination system may transmit the alert by utilizing the

communications protocols of facsimile or DSP over a landline to transmit an

alert to a server, telephone, or fax machine. Alternatively, the illumination

system may transmit an alert over a wireless network, such as a LAN, WAN, or

MAN. The alert may be directed to a central system controlling several

illumination systems, a personal computer, or an automated system which

initiates video recording of the area proximate to the illumination device.

At 1204, at least one component of the illumination system

illuminates an alert at the luminaire and/or remotely therefrom. The illumination

system may illuminate one or more lights of uniform or differing colors. The

illumination system may illuminate the lights in an alarming pattern, such as

rapid flashing, to indicate a error or problem has occurred.

At 1206, at least one component of the illumination system

produces an aural alert at the luminaire and/or remotely therefrom. The aural



alert may take on a variety of forms. For example, the alert may be a recording

which repeats the phrase "an error has been detected." As another example,

the alert may be an alarming sound such as a siren, klaxon, repeated horn

honks, or a series of chimes that gradually grow louder.

Figure 13 shows a high level method 1300 of operating a control

system of an illumination system to provide illumination, according to one non-

limiting illustrated embodiment.

At 1302, at least one component of the illumination system

receives one or more signals indicative of a current location of the illumination

system. Optionally, the at least one component also receives signals indicative

of the current time. For example, an integral control subsystem may include a

receiver configured to receive GPS signals, cellular network signals, wireless

networks signals, landline signals, radio signals, or the like.

At 1304, at least one component of the illumination system

determines the location of the illumination source. The illumination system may

include an integral control subsystem that include a microcontroller configured

to decode a stream of data, including latitude and longitude data from a receiver

such as a GPS receiver, to determine the location of the illumination system.

The microcontroller may then store the location in a non-volatile memory. As

another example, the microcontroller may be operable to determine the location

by querying a receiver which is configured to acquire latitude and longitude data

from cellular network radio towers.

At 1306, at least one component of the illumination system

determines whether day light saving times applies at a current location. The

illumination system may include a real time or solar clock and/or calendar. The

clock may be initially set by user input or by synchronizing the clock based

upon GPS signals, cellular network signals, radio signals, or other signals

received by the receiver. A microprocessor of the illumination system may use

a lookup table stored in a non-transitory storage medium or create a database

query for the location and date to determine whether: 1) the location employees



day light savings time, and if so 2) whether day light savings time is in effect on

that date in at the location. Alternatively, the microprocessor may wirelessly

query a remote.

At 1308, at least one component such as a microprocessor of the

illumination system converts time from one format {e.g., UCT, GMT) to a local

time format. Such may include accounting for time zone differences between

UCT or GMT and the time zone in which the location is located. Such may also

include accounting for day light savings time if in effect for the current location

on the current date.

Optionally at 13 10, at least one component of the illumination

system updates or synchronizes an internal clock and/or calendar based on

current time and/or current date information received from one or more external

sources.

At 1312, at least one component of the illumination system

validates the determined condition. For example, a microprocessor may

determine whether the detected level of light is within a threshold of an

expected or predicted level of light. The expected level of light may be based

upon the determined location of the illumination system on the Earth, the

determined current date or season of the year, and/or the determined current

time. Also for example, a microprocessor may determine whether an actual

time at which an event {e.g., dusk, dawn) occurred or was sensed is within a

threshold of an expected time at which the event was predicted to occur or be

sensed. The threshold accommodates reasonable differences in actual

conditions, for example, amount of cloud cover, phases of the moon, typical

amounts of reflection associated with particular areas {e.g. urban, suburban,

rural).

At 1314, at least one component of the illumination system

determines if the detected condition was determined to be valid. If the actual or

detected does not fall within the threshold of the expected, then the condition is



considered invalid, and control passes to 13 16 where an alert or notification is

produced. Otherwise, control returns 1302 and the method 1300 may repeat.

Also, for example, the various methods may include additional

acts, omit some acts, and/or may perform the acts in a different order than set

out in the various flow diagrams. The use of ordinals such as first, second and

third does not necessarily imply a ranked sense of order, but rather may only

distinguish between multiple instances of an act or structure.

Also, for example, the foregoing detailed description has set forth

various embodiments of the devices and/or processes via the use of block

diagrams, schematics, and examples. Insofar as such block diagrams,

schematics, and examples contain one or more functions and/or operations, it

will be understood by those skilled in the art that each function and/or operation

within such block diagrams, flowcharts, or examples can be implemented,

individually and/or collectively, by a wide range of hardware, software, firmware,

or virtually any combination thereof. In one embodiment, the present subject

matter may be implemented via one or more microcontrollers. However, those

skilled in the art will recognize that the embodiments disclosed herein, in whole

or in part, can be equivalently implemented in standard integrated circuits {e.g.,

Application Specific Integrated Circuits or ASICs), as one or more computer

programs executed by one or more computers (e.g., as one or more programs

running on one or more computer systems), as one or more programs executed

by on one or more controllers {e.g., microcontrollers) as one or more programs

executed by one or more processors (e.g., microprocessors), as firmware, or as

virtually any combination thereof, and that designing the circuitry and/or writing

the code for the software and/or firmware would be well within the skill of one of

ordinary skill in the art in light of the teachings of this disclosure.

When logic is implemented as software and stored in memory,

logic or information can be stored on any computer-readable medium for use by

or in connection with any processor-related system or method. In the context of

this disclosure, a memory is a computer-readable storage medium that is an



electronic, magnetic, optical, or other physical device or means that non-

transitorily contains or stores a computer and/or processor program. Logic

and/or the information can be embodied in any computer-readable medium for

use by or in connection with an instruction execution system, apparatus, or

device, such as a computer-based system, processor-containing system, or

other system that can fetch the instructions from the instruction execution

system, apparatus, or device and execute the instructions associated with logic

and/or information.

In the context of this specification, a "computer-readable medium"

can be any element that can store the program associated with logic and/or

information for use by or in connection with the instruction execution system,

apparatus, and/or device. The computer-readable medium can be, for

example, but is not limited to, an electronic, magnetic, optical, electromagnetic,

infrared, or semiconductor system, apparatus or device. More specific

examples (a non-exhaustive list) of the computer readable medium would

include the following: a portable computer diskette (magnetic, compact flash

card, secure digital, or the like), a random access memory (RAM), a read-only

memory (ROM), an erasable programmable read-only memory (EPROM,

EEPROM, or Flash memory), a portable compact disc read-only memory

(CDROM), and digital tape.

The various embodiments described above can be combined to

provide further embodiments. To the extent that they are not inconsistent with

the specific teachings and definitions herein, all of the U.S. patents, U.S. patent

application publications, U.S. patent applications, foreign patents, foreign patent

applications and non-patent publications referred to in this specification and/or

listed in the Application Data Sheet, including but not limited to U.S. Patent

Publication No. US 2009/0278474, published November 12, 2009; U.S. Patent

Publication No. US 2009/02841 55, published November 19, 2009; U.S. Patent

Publication No. US 201 0/0090577, published April 15, 2010; U.S. Provisional

Patent Application No. 61/051 ,61 9 filed May 8, 2008; U.S. Provisional Patent



Application No. 61/052,924 filed May 13, 2008; U.S. Provisional Patent

Application No. 61/088,651 filed August 13, 2008; U.S. Provisional Patent

Application No. 61/1 15,438 filed November 17, 2008; U.S. Provisional Patent

Application No. 61/154,619 filed February 23, 2009; U.S. Provisional Patent

Application No. 61/174,913 filed May 1, 2009; U.S. Provisional Patent

Application No. 61/180,017 filed May 20, 2009; U.S. Provisional Patent

Application No. 61/229,435 filed July 29, 2009; U.S. Non-Provisional Patent

Application No. 12/61 9,535, filed November 16, 2009; U.S. Provisional Patent

Application No. 61/295,519 filed January 15, 201 0; U.S. Non-Provisional Patent

Application No. 12/769,956, filed April 29, 2010; U.S. Provisional Patent

Application Serial No. 61/333,983, filed May 12, 201 0; U.S. Provisional Patent

Application Serial No. 61/346,263, filed May 19, 201 0; Nonprovisional Patent

Application Serial No. 12/ 784,091 , filed May 20, 2010; and U.S. Nonprovisional

Patent Application Serial No. 12/784,093, filed May 20, 201 0; are incorporated

herein by reference, in their entirety. Aspects of the embodiments can be

modified, if necessary, to employ systems, circuits and concepts of the various

patents, applications and publications to provide yet further embodiments.

The above description of illustrated embodiments, including what

is described in the Abstract, is not intended to be exhaustive or to limit the

embodiments to the precise forms disclosed. Although specific embodiments

and examples are described herein for illustrative purposes, various equivalent

modifications can be made without departing from the spirit and scope of the

disclosure, as will be recognized by those skilled in the relevant art. The

teachings provided herein of the various embodiments can be applied to other

contexts, not necessarily the exemplary context of controlling operations of an

illumination system generally described above.

For example, while the illumination systems are generally

described above as embodied in a luminaire, the control subsystem may control

multiple luminaires. As used herein and in the claims, luminaire is used in its

broadest sense to refer to any lighting fixture or structure. While a single step



adjustment downward and upward in the level of illumination has been

described and illustrated, illumination level may be adjusted in multiple steps, or

even continuously to gradually ramp downward some time after turning ON the

light source, then eventually back upward some time before turning OFF the

light source. Additionally, or alternatively, the embodiments described herein

may be combined with motion or proximity detecting, either as implemented by

a luminaire control mechanism or by a retrofit or integral control subsystem.

The microcontroller 314, 514 or control system 406 may be

programmable and may include one or more input ports (not illustrated) through

which a user can program the microcontroller 314, 514 or control system 406.

For example, the time delays and the various illumination levels of the light

source may be programmed. The input port may include switches and/or

potentiometers that can be set to program the microcontroller 314, 514 or

control system 406. Alternatively, the input port may include communications

interface for the user to remotely program the microcontroller 314, 514 or

control system 406 whether through a wire or wirelessly. The input port may be

the ambient light sensor which is connected to the microcontroller 314, 514 or

control system 406. For example, the microcontroller 314, 514 or control

system 406 may be programmable optically via one or more images captured

by an image capture device or imager (not illustrated). For instance, the image

sensor may capture images of printed barcode symbols, which encode

information used to set delay times and other parameters used by the

microcontroller 314, 514 or control system 406. The microcontroller 314, 514 or

control system 406 may also receive a one-bit input via the input port to activate

or deactivate the light source. For example, a binary bit of "0" turns OFF the

light source 110 and a binary bit of " 1" turns ON the light source.

Also for example, the control subsystem 3 12, 5 12, 406 may

further include a communication device. The communication device may be

communicatively coupled to the microcontroller 314, 514 or control system 406.

The communication device may be further coupled to an external data network



using protocols in compliance with any or all of the Ethernet, the RS-485 and

wireless communication standards, such as the IEEE 802.1 1 standards for

example, or commercially or proprietary power line carrier control standards.

The communication device may be used to remotely program the

microcontroller 314, 514 or control system 406. Alternatively, the

communication device may be used to transmit information from the control

subsystem 312, 5 12 or control system 406 to a remote user or processor based

system. For example, the communication device may be used to transmit a

notification signal from the microcontroller 314, 514 or control system 406

indicative of turning ON, turning OFF, increasing or decreasing output from a

light source. The communication device may be used to transmit an actuation

signal from the microcontroller 314, 514 or control system 406 to actuate a

device such as an alarm or an automatic door.

These and other changes can be made to the embodiments in

light of the above-detailed description. In general, in the following claims, the

terms used should not be construed to limit the claims to the specific

embodiments disclosed in the specification and the claims, but should be

construed to include all possible embodiments along with the full scope of

equivalents to which such claims are entitled. Accordingly, the claims are not

limited by the disclosure.



CLAIMS

I claim:

1. A method of operating an illumination system including at

least one light source and at least one controller, the method comprising:

from time-to-time, detecting a level of light in an ambient

environment;

comparing by the at least one controller the detected level of light

in the ambient environment to a first threshold;

validating by the at least one controller a result of the comparison

of the detected level of light in the ambient environment to the first threshold

with respect to at least one expected condition; and

adjusting by the at least one controller an output of the at least

one light source if both the detected level of light in the ambient environment at

least satisfies the first threshold and the result of the comparison is valid with

respect to the at least one expected condition.

2 . The method of claim 1 wherein validating a result of the

comparison of the detected level of light in the ambient environment to the first

threshold with respect to at least one expected condition includes: comparing

by the at least one controller an actual time at which the detected level of light

satisfied the first threshold to an expected time when the level of light is

predicted to satisfy the first threshold for at least one of a current location or a

current date; determining that the result of the comparison is valid if the actual

time at which the detected level of light satisfied the first threshold is within a

second threshold of the expected time when the level of light is predicted to

satisfy the first threshold for the at least one of the current location or the

current date; or determining that the result of the comparison is invalid if the

actual time at which the detected level of light satisfied the first threshold is not



within the second threshold of the expected time when the level of light is

predicted to satisfy the first threshold for the at least one of the current location

or the current date.

3 . The method of claim 1 wherein validating a result of the

comparison of the detected level of light in the ambient environment to the first

threshold with respect to at least one expected condition includes: comparing

by the at least one controller the detected level of light in the ambient

environment to an expected level of light for at least one of a current location, a

current date or a current time; determining that the result of the comparison is

valid if the detected level of light in the ambient environment is within a second

threshold of the expected level of light for the at least one of the current

location, the current date or the current time; or determining that the result of

the comparison is invalid if the detected level of light in the ambient

environment is not within the second threshold of the expected level of light for

the at least one of the current location, the current date or the current time.

4 . The method of claim 3 wherein comparing the detected

level of light in the ambient environment to an expected level of light for at least

one of a current time or a current location includes comparing the detected level

of light to a value indicative of the expected level of light for the current time at

the current location.

5 . The method of claim 1 wherein from time-to-time, detecting

a level of light in an ambient environment includes continuously receiving a

signal at the at least one controller from an ambient light sensor which is part of

the illumination system, the signal indicative of the level of light in the ambient

environment.



6 . The method of claim 1, further comprising:

receiving a location signal at the at least one controller indicative

of the current location; and

determining by the at least one controller at least one of an

excepted level of light or an expected time at which the level of light is predicted

to satisfy the first threshold based on the current location identified by the

location signal.

7 . The method of claim 6, further comprising:

receiving a time signal at the at least one controller indicative of

the current time.

8 . The method of claim 6 wherein receiving a location signal

indicative of the current location includes receiving the location signal from a

global positioning system receiver.

9 . The method of claim 6 wherein receiving a location signal

indicative of the current location includes receiving the signal from at least one

cellular communications system receiver.

10 . The method of claim 1 wherein adjusting an output of the at

least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition includes

turning the at least one light source ON if both the detected level of light in the

ambient environment is equal or less than a turn ON threshold and an actual

time at which the detected level of light satisfied the first threshold is within a

second threshold of the expected time when the level of light is predicted to

satisfy the first threshold for the at least one of the current location or the

current date.



11. The method of claim 1 wherein adjusting an output of the at

least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition includes

turning the at least one light source ON if both the detected level of light in the

ambient environment is equal or less than a turn ON threshold and the detected

level of light in the ambient environment is within the second threshold of the

expected level of light for the current time at the current location.

12 . The method of claim 1 wherein adjusting an output of the at

least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition includes

turning the at least one light source OFF if both the detected level of light in the

ambient environment is equal or greater than a turn OFF threshold and an

actual time at which the detected level of light satisfied the first threshold is

within a second threshold of the expected time when the level of light is

predicted to satisfy the first threshold for the at least one of the current location

or the current date.

13 . The method of claim 1 wherein adjusting an output of the at

least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition includes

turning the at least one light source OFF if both the detected level of light in the

ambient environment is equal or greater than a turn OFF threshold and the

detected level of light in the ambient environment is within the second threshold

of the expected level of light for the current time at the current location.



14. The method of claim 1, further comprising:

reducing the output of the at least one light source to a non-zero

level when a first real time in a daily cycle is reached.

15 . The method of claim 14, further comprising:

detecting motion at least proximate an area being illuminated; and

in response to the detecting motion, temporally increasing the

output of the at least one light source.

16 . The method of claim 15, further comprising:

increasing the output of the at least one light source when a

second real time in the daily cycle is reached.

17 . The method of claim 16 when the result of the comparison

is invalid with respect to the at least one expected condition, further comprising:

repeating at least the reducing and the increasing the output of

the at least one light source when the first and the second real times,

respectively, are reached for a number of additional daily cycles.

18 . The method of claim 16 wherein repeating at least the

reducing and the increasing the output of the at least one light source when the

first and the second real times, respectively, are reached for a number of

additional daily cycles, further includes turning ON the at least one light source

at a time in a daily cycle that corresponds to dusk and turning OFF the at least

one light source at a time in the daily cycle that corresponds to dawn.

19 . The method of claim 1, further comprising:

producing by the controller an external notification if the detected

level of light in the ambient environment is not within the second threshold of

the expected level of light for the current time at the current location.



20. The method of claim 19, further comprising:

in response to determining that the result of the comparison is

invalid, causing the output of the at least one light source to be at least

proximate a highest level of the at least one light source.

2 1 . A system to control illumination, the system comprising:

at least one controller that:

from time-to-time, receives a signal indicative of a level of

light in an ambient environment;

compares the detected level of light in the ambient

environment to an expected level of light for at least one of a current time or a

current location;

compares the detected level of light in the ambient

environment to a first threshold;

validates a result of the comparison of the detected level of light in

the ambient environment to the first threshold with respect to at least one

expected condition; and

adjusts an output of the at least one light source if both the

detected level of light in the ambient environment at least satisfies the first

threshold and the result of the comparison is valid with respect to the at least

one expected condition.

22. The system of claim 2 1 wherein to validate a result of the

comparison of the detected level of light in the ambient environment to the first

threshold with respect to at least one expected condition, the at least one

controller: compares an actual time at which the detected level of light satisfied

the first threshold to an expected time when the level of light is predicted to

satisfy the first threshold for at least one of a current location or a current date;

determines that the result of the comparison is valid if the actual time at which

the detected level of light satisfied the first threshold is within a second



threshold of the expected time when the level of light is predicted to satisfy the

first threshold for the at least one of the current location or the current date; or

determines that the result of the comparison is invalid if the actual time at which

the detected level of light satisfied the first threshold is not within the second

threshold of the expected time when the level of light is predicted to satisfy the

first threshold for the at least one of the current location or the current date.

23. The system of claim 2 1 wherein to validate a result of the

comparison of the detected level of light in the ambient environment to the first

threshold with respect to at least one expected condition, the at least one

controller: compares the detected level of light in the ambient environment to an

expected level of light for at least one of a current location, a current date or a

current time; determines that the result of the comparison is valid if the detected

level of light in the ambient environment is within a second threshold of the

expected level of light for the at least one of the current location, the current

date or the current time; or determines that the result of the comparison is

invalid if the detected level of light in the ambient environment is not within the

second threshold of the expected level of light for the at least one of the current

location, the current date or the current time.

24. The system of claim 23 wherein the at least one controller

compares the detected level of light to a value indicative of an expected level of

light for the current time at the current location.

25. The system of claim 2 1 , further comprising:

an ambient light sensor, wherein the at least one controller

continuously receives a signal from the ambient light sensor, the signal

indicative of the level of light in the ambient environment.



26. The system of claim 2 1 wherein the at least one controller

further receives a location signal indicative of the current location; and

determines at least one of an excepted level of light or an expected time at

which the level of light is predicted to satisfy the first threshold based at least in

part on the current location identified by the location signal.

27. The system of claim 26 wherein the at least one controller

further receives a time signal indicative of the current time.

28. The system of claim 26, further comprising:

an antenna; and

a global positioning receiver communicatively coupled to the

antenna to receive a global positioning signal from a number of global

positioning system satellites, wherein the at least one controller is

communicatively coupled to the global positioning receiver to receive the

location signal indicative of the current location.

29. The system of claim 26, further comprising:

an antenna; and

a cellular communications receiver communicatively coupled to

the antenna to receive a cellular communications signal from a number of

cellular communications antennas, wherein the at least one controller is

communicatively coupled to the cellular communications receiver to receive the

location signal indicative of the current location.

30. The system of claim 2 1 wherein to adjust the output of the

at least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition the at

least one controller turns the at least one light source ON if both the detected



level of light in the ambient environment is equal or less than a turn ON

threshold and an actual time at which the detected level of light satisfied the

first threshold is within a second threshold of the expected time when the level

of light is predicted to satisfy the first threshold for the at least one of the current

location or the current date.

3 1 . The system of claim 2 1 wherein to adjust the output of the

at least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition the at

least one controller turns the at least one light source ON if both the detected

level of light in the ambient environment is equal or less than a turn ON

threshold and the detected level of light in the ambient environment is within the

second threshold of the expected level of light for the current time at the current

location.

32. The system of claim 2 1 wherein to adjust the output of the

at least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the

comparison is valid with respect to the at least one expected condition the at

least one controller turns the at least one light source OFF if both the detected

level of light in the ambient environment is equal or greater than a turn OFF

threshold and an actual time at which the detected level of light satisfied the

first threshold is within a second threshold of the expected time when the level

of light is predicted to satisfy the first threshold for the at least one of the current

location or the current date.

33. The system of claim 2 1 wherein to adjust the output of the

at least one light source if both the detected level of light in the ambient

environment at least satisfies the first threshold and the result of the



comparison is valid with respect to the at least one expected condition the at

least one controller turns the at least one light source OFF if both the detected

level of light in the ambient environment is equal or greater than a turn OFF

threshold and the detected level of light in the ambient environment is within the

second threshold of the expected level of light for the current time at the current

location.

34. The system of claim 2 1 wherein the at least one controller

reduces the output of the at least one light source to a non-zero level when a

first real time in a daily cycle is reached.

35. The system of claim 34 wherein the at least one controller

further:

detects motion at least proximate an area being illuminated; and

in response to the detection of motion, temporally increases the

output of the at least one light source.

36. The system of claim 35 wherein the at least one controller,

further:

increases the output of the at least one light source when a

second real time in the daily cycle is reached.

37. The system of claim 36 wherein when the result of the

comparison is invalid with respect to the at least one expected condition, the at

least one controller further:

repeats at least the reducing and the increasing the output of the

at least one light source when the first and the second real times, respectively,

are reached for a number of additional daily cycles.



38. The system of claim 36 wherein repeating at least the

reducing and the increasing the output of the at least one light source when the

first and the second real times, respectively, are reached for a number of

additional daily cycles, further includes turning ON the at least one light source

at a time in a daily cycle that corresponds to dusk and turning OFF the at least

one light source at a time in the daily cycle that corresponds to dawn.

39. The system of claim 2 1 wherein the at least one controller

further produces an external notification if the detected level of light in the

ambient environment is not within the second threshold of the expected level of

light for the current time at the current location.

40. The system of claim 39 wherein when the result of the

comparison is invalid with respect to the at least one expected condition the at

least one controller causes the output of the at least one light source to be at

least proximate a highest level of the at least one light source.

4 1 . The system of claim 2 1 , further comprising:

the at least one light source.

42. A method of operating an illumination system including at

least one light source, the method comprising:

determining by a controller, an expected ambient environment

illumination condition for a current location at a defined date and time;

comparing by the controller, an actual ambient environment

illumination condition detected in the ambient environment at the current

location with the determined expected ambient environment illumination

condition; and

in response to determining an existence of a difference between

the actual ambient environment illumination condition and the determined



expected ambient environment illumination condition, producing by the

controller, at least one of a notification or a record indicative of an aberrant

event.

43. The method of claim 42, further comprising:

receiving a location signal by the controller, the location signal

indicative of a current location of the illumination system.

44. The method of claim 43 wherein determining by a controller

an expected ambient environment illumination condition includes determining at

least one of an expected time of dusk or an expected time of dawn for the

current location based at least in part on the current location indicated by the

location signal.

45. The method of claim 43 wherein determining by a

controller, an expected ambient environment illumination condition includes

determining an expected level of illumination in the ambient environment for the

current location at a defined time based at least in part on the current location

indicated by the location signal.

46. The method of claim 43 wherein receiving a location signal

by the controller includes receiving a location signal from a global positioning

system receiver.

47. The method of claim 43 wherein receiving a location signal

by the controller includes receiving a location signal from a cellular

communications system receiver.



48. The method of claim 42, further comprising:

detecting a level of light in an ambient environment via an ambient

light sensor.

49. The method of claim 42 wherein producing a notification

includes transmitting a signal externally from the illumination system.

50. The method of claim 42 wherein producing a notification

includes illuminating a warning indicator of the illumination system.

5 1 . The method of claim 42 wherein comparing an actual

ambient environment illumination condition with the determined expected

ambient environment illumination condition includes at least one of: determining

whether a detected level of illumination in the ambient environment is below an

expected level of illumination by more than the defined threshold or determining

whether the detected level of illumination in the ambient environment is above

the expected level of illumination by more than the defined threshold.

52. The method of claim 42 wherein comparing an actual

ambient environment illumination condition with the determined expected

ambient environment illumination condition includes at least one of: determin

whether an actual time when dusk in the ambient environment is detected is

within a first threshold of an expected time at which dusk was predicted or

whether an actual time when dawn in the ambient environment is detected is

within a second threshold of an expected time at which dawn was predicted.

53. A system to control illumination, comprising:

at least one controller that:

determines an expected ambient environment illumination

condition for a current location at a defined date and time;



compares an actual ambient environment illumination

condition detected in the ambient environment a the current location with the

determined expected ambient environment illumination condition; and

in response to a determination that a difference between

the actual ambient environmental illumination condition and the determined

expected ambient environment illumination condition, produces at least one of a

notification or a record indicative of an aberrant event.

54. The system of claim 53 wherein the at least one controller

receives a location signal, the location signal indicative of a current location of

the illumination system.

55. The system of claim 54 wherein to determine an expected

ambient environment illumination condition the at least one controller

determines at least one of an expected time of dusk or an expected time of

dawn for the current location based at least in part on the current location

indicated by the location signal.

56. The system of claim 54 wherein the at least one controller

determines an expected level of illumination in the ambient environment based

at least in part on the current location indicated by the location signal.

57. The system of claim 53, further comprising:

an antenna; and

a global positioning receiver communicatively coupled to the

antenna to receive a global positioning signal from a number of global

positioning system satellites, wherein the at least one controller is

communicatively coupled to the global positioning receiver to receive the

location signal indicative of the current location.



58. The system of claim 53, further comprising:

an antenna; and

a cellular communications receiver communicatively coupled to

the antenna to receive a cellular communications signal from a number of

cellular communications antennas, wherein the at least one controller is

communicatively coupled to the cellular communications receiver to receive the

location signal indicative of the current location.

59. The system of claim 53, further comprising:

an ambient light sensor communicatively coupled to provide

ambient light level signals to the at least one controller.

60. The system of claim 53 wherein the at least one controller

produces the notification as a signal transmit externally from the system.

6 1 . The system of claim 60 wherein the at least one controller

produces the notification as an illuminated warning indicator of the system.

62. The system of claim 53 wherein to compare an actual

ambient environment illumination condition with the determined expected

ambient environment illumination condition the at least one controller

determines at least one of whether a detected level of illumination in the

ambient environment is below an expected level of illumination by more than

the defined threshold or whether the detected level of illumination in the

ambient environment is above the expected level of illumination by more than

the defined threshold.

63. The system of claim 53 wherein to compare an actual

ambient environment illumination condition with the determined expected

ambient environment illumination condition the at least one controller



determines whether an actual time when dusk in the ambient environment is

detected is within a first threshold of an expected time at which dusk was

predicted or whether an actual time when dawn in the ambient environment is

detected is within a second threshold of an expected time at which dawn was

predicted.

64. The system of claim 53, further comprising:

at least one light source; and wherein the at least one controller

adjusts a level of illumination produced by the at least one light source.

65. A method of operating an illumination system including at

least one light source, the method comprising:

receiving a signal by a controller from an external source, the

signal indicative of at least one of a current location of the illumination system, a

current date or a current time; and

controlling a level of illumination produced by the at least one light

source based at least in part on at least one of the current location of the

illumination system, the current date or the current time.

66. The method of claim 65 wherein receiving a signal by the

controller includes receiving a signal via a global positioning system receiver

from at least one global positioning satellite.

67. The method of claim 66, further comprising:

determining by a controller, an expected level of illumination in an

ambient environment based at least in part on at least one of the current

location of the illumination system, the current date or the current time;

comparing by the controller, a detected level of illumination in the

ambient environment with the determined expected level of illumination in the

ambient environment; and



in response to determining an existence of a difference between

the detected level of illumination in the ambient environment and the

determined expected level of illumination in the ambient environment which

exceeds a defined threshold, producing by the controller, at least one of a

notification or a record indicative of the existence.

68. The method of claim 66, further comprising:

determining by a controller, an expected time of at least one of

dusk or dawn based at least in part on at least one of the current location of the

illumination system, the current date or the current time;

comparing by the controller, a detected occurrence of at least one

of dusk or dawn in the ambient environment with the determined expected time

of at least one of dusk or dawn; and

in response to determining an existence of a difference between

the detected occurrence of at least one of dusk or dawn and the determined

expected time of at least one of dusk or dawn which exceeds a defined

threshold, producing by the controller, at least one of a notification or a record

indicative of an aberrant condition.

69. A system to control illumination, comprising:

at least one antenna;

at least one receiver communicatively coupled to the at least one

antenna to receive signals from an external source, the signals indicative of at

least one of a current location of the illumination system, a current date or a

current time; and

at least one controller communicatively coupled to the at least one

receiver to receive information therefrom, and which controls a level of

illumination produced by the at least one light source based at least in part on

at least one of the current location of the illumination system, the current date or

the current time.



70. The system of claim 69 wherein the at least one receiver is

a global positioning receiver communicatively coupled to the antenna to receive

a number of global positioning signals from a number of global positioning

system satellites.

7 1 . The system of claim 70 wherein the at least one controller

determines an expected level of illumination in the ambient environment based

at least in part on the current location, the current date or the current time;

compares a detected level of illumination in the ambient environment with the

determined expected level of illumination in the ambient environment; and in

response to determining an existence of a difference between the detected

level of illumination in the ambient environment and the determined expected

level of illumination in the ambient environment which exceeds a defined

threshold, produces at least one of a notification or a record indicative of an

aberrant condition.

72. The system of claim 70 wherein the at least one controller

determines an expected time of at least one of dusk or dawn based at least in

part on at least one of the current location of the illumination system, the current

date or the current time; compares a detected occurrence of at least one of

dusk or dawn in the ambient environment with the determined expected time of

at least one of dusk or dawn; and in response to a determination that an

existence of a difference between the detected occurrence of at least one of

dusk or dawn and the determined expected time of at least one of dusk or dawn

which exceeds a defined threshold, produces at least one of a notification or a

record indicative of an aberrant condition.
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