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(57) ABSTRACT

A lighting control system includes a plurality of light
controllers. Each light controller contains a microprocessor-
based intelligence. The plurality of light controllers form a
distributed architecture. The microprocessor-based intelli-
gence is operative to store, calculate, and execute complex
lighting scenarios. The microprocessor-based intelligence
executes a lighting control script during operation. The
lighting control script is sufficiently detailed and the light
controller is sufficiently intelligent so as to allow the light
controller to control lighting without the necessity of a
having a present external control architecture.
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LIGHTING CONTROL SYSTEM AND
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to lighting systems, programmable
lighting controllers, and lighting fixtures including floures-
cent lamp ballasts and light emitting diode (LED) power
sources.

2. Background Art

An existing lighting system includes a number of lighting
fixtures and a controller in the form of a host computer. The
host computer sends individual commands to each lighting
fixture over a communication network. One problem in such
a system is that a bottleneck in the communications may
occur as lights are turned on and brightness is adjusted.
Another problem in such a system is the failure of the system
to operate when the host computer is disconnected.

In another existing arrangement, programmable lighting
circuit controllers have been used in certain applications
where a wall-mounted controller controls a plurality of
household lighting circuits. These controllers have limited
capabilities, and have only been used in certain applications.

Background information may be found in U.S. Pat. Nos.
4,501,994, 4,733,138, 5,059,871, 5,504,398, 5,539,284,
5,652,481, 5,677,603, 5,811,942, 6,639,368, and 6,486,615.

For the foregoing reasons, there is a need for improved
lighting control system and method.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an improved
lighting control system and method wherein the fluorescent
ballast, lighting controller, or power supply contains a
microprocessor-based intelligence that allows the device to
independently store, calculate, and execute complex lighting
scenarios without the necessity for any type of external
control architecture. This allows the system to be retrofit into
existing lighting applications without the need for expensive
platform or architectural reconfiguration. In this way, the
system may provide a cost-effective solution for the retrofit
or new installation of lighting systems, where dimming or
mood lighting effects are desired. That is, the invention
contemplates a distributed architecture.

A lighting system according to the invention includes a
collection of light controllers. A light controller may be
embodied as a light fixture. A light controller contains a
microprocessor-based intelligence such that the collection of
light controllers form a distributed architecture. The micro-
processor-based intelligence is operative to store, calculate,
and execute complex lighting scenarios without the neces-
sity for any type of external control architecture.

Preferably, the microprocessor-based intelligence
executes a script corresponding to the desired lighting
scenario that directs the control of the lighting. The script is
written in a lighting control scripting language that is a
full-featured scripting language such that a script may direct
the light controller and provide detailed control over the
lighting environment.

At a more detailed level, the inclusion of a microproces-
sor-based intelligence within each lighting controller,
relieves the control communication network of the necessity
for continuous communication. Each lighting controller on
the network only requires infrequent command scripts in
order to execute complex lighting scenarios. According to
this aspect of the invention, in the absence of any type of
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external control communications, each lighting controller in
the system can continue to run its own script and control its
own lamp or lamps. In this way, it is possible to overcome
problems associated with communication bottlenecks an
host disconnects. This also makes it possible to implement
a number of different control strategies for the lighting
controller, other than a serial communications bus control
method.

Put another way, each light controller may independently
store, calculate, and execute complex lighting scenarios
without the necessity for any type of external control archi-
tecture due to the distributed architecture approach contem-
plated by the invention.

The invention further comprehends several additional
aspects. In one additional aspect, at the highest level of a
local system is a master controller. Below the master con-
troller there may be a number of zones and within each zone
there may be a number of light controllers. Each light
controller may control one or more lamps. The master
controller contains communications software operable to
allow communication with the individual light controllers.
In this way, the master controller may use the communica-
tions software to issue direct commands to all light control-
lers in a particular zone or to any individual light controller.
The master controller may also use the communications
software to download a lighting scheme in the form of a
script to any individual light controller or group of light
controllers. Preferably, the master controller contains soft-
ware operable to provide a lighting scheme editor and a
lighting scheme compiler to provide full support at, the
master controller for the scripting language.

According to the invention, each light controller has the
ability to be configured by receiving and storing a lighting
scheme. In a particular implementation, configuration
parameters include the zone of the lamp, the unit within a
zone, the color of light being controlled as well as hardware
related parameters such as current or voltage for 100%
brightness, current or voltage for the off condition, maxi-
mum operating temperature, and others. Each lamp should
have a unique identifier or hardware address. These identi-
fiers may be provided during manufacturing in any suitable
fashion.

In a preferred embodiment, each light controller has the
ability to be controlled by commands issued from the master
controller or controlled via the execution of a previously
downloaded lighting script. Each light controller may also
have inputs to signify on/off, brightness, and other lighting
related signals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a lighting system in accordance with the
invention;

FIG. 2 is a block diagram illustrating a method in accor-
dance with the invention;

FIG. 3 illustrates a light controller in greater detail;

FIG. 4 illustrates a first control mode for a light controller
according to the invention;

FIG. 5 illustrates a second control mode for a light
controller according to the invention;

FIG. 6 illustrates a third control mode for a light controller
according to the invention; and

FIG. 7 illustrates a fourth control mode for a light
controller according to the invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference to FIG. 1, a lighting system is generally
indicated at 10. Lighting system 10 includes a master
controller 12, a communications network 14, and a plurality
of light controllers 16. As shown, several light controllers 16
may be grouped within a zone 18. Master controller 12 is
operative to send a script to a light controller using com-
munications network 14. Arrow 20 indicates master control-
ler 12 sending a lighting control script to a light controller.
In the alternative, master controller 12 may issue direct
commands to light controllers. The light controller receiving
the script stores the script in memory, and executes the
stored script during operation. The lighting control script
directs the control of the lighting.

Each light controller 16 includes a microprocessor-based
intelligence that allows the device to independently store,
calculate, and execute complex lighting scenarios without
the necessity for any type of external control architecture.
That is, the light controllers form a distributed architecture.

With reference to FIGS. 1 and 2, in accordance with a
lighting control method, a script is written in a lighting
control scripting language (block 30). The script is then sent
from master controller 12 to one of the light controllers 16
(block 32).

The lighting control scripting language is a full-featured
scripting language. In this way, a script may direct a light
controller and provide detailed control over the lighting
environment. In the illustrated embodiment, each light con-
troller 16 is sent a script (for example, arrow 20) which
defines that light controller’s operation within the overall
lighting scheme. Each light controller 16 receiving a script
stores the script in memory (block 34).

Each light controller 16 executes the stored script during
light controller operation to control the lighting environment
(block 36). In this way, even in the absence of any type of
external control communications, each light controller 16 in
the system 10 can continue to run its own script and control
its own lamp or lamps.

As best shown in FIG. 1, in the illustrated embodiment,
the highest level of the local system is master controller 12.
Below master controller 12, there may be a number of zones
such as illustrated zone 18. A zone may contain a plurality
of light controllers with each light controller controlling one
or more lamps. In this way, the communications software at
master controller 12 allows communication with the light
controllers to allow the issuance of direct commands or the
downloading of a lighting scheme in the form of a script to
any individual lighting controller/fixture or a group of
lighting controllers/fixtures.

An exemplary application of the invention may consist of
a master controller on each floor of a building. On a
particular floor, each room may be considered a zone. Within
each room, multiple light controllers may be installed. The
concept of a zone is a logical collection of lighting control-
lers that are associated in a close proximity.

According to a preferred embodiment of the invention,
the lighting control scripting language includes all necessary
commands to allow the blending and mixing of lighting
conditions to create or enhance an environment. The lan-
guage also preferably contains extensions to allow input
from sensors and have program control changes based on
external inputs. Further, it is preferred that the language and
communications scheme support built-in test and fault
detection to enhance maintenance of the system. A preferred
implementation of the lighting control scripting language

20

25

30

35

40

45

50

55

60

65

4

supports polling to allow roll call of all devices with each
device having a unique identification to allow for some level
of plug and play capability.

FIG. 3 illustrates an exemplary light controller in greater
detail at 40. According to the invention, each light controller
contains intelligence. Light controller 40 includes micropro-
cessor-based intelligence 42 which contains the necessary
software to provide control over lamp 48. For enhanced
lamp control according to the invention, microprocessor-
based intelligence 42 includes non-volatile memory that is
used to store lighting scripts. It is appreciated that the
intelligent light controller can independently store, calcu-
late, and execute complex lighting scenarios without the
necessity for any type of external control architecture. These
concepts may be implemented in any suitable way. As
shown, light controller 40 further includes programming
interface 44 and control interface 46. According to the
invention, lighting control scripts are stored in non-volatile
memory. Programming interface 44 is utilized to carry out
this process. A stored script directs the control of the
lighting. Preferably, the scripting language supports the
ability to modify the lighting conditions in response to
external events from sensors and light controller 40 has
inputs to signify on/off, brightness, and other lighting related
signals. All of these inputs are generally indicated by control
interface 46. As well, direct commands may be received
through a control interface 46.

Advantageously, embodiments of the invention allow the
storing of pre-programmed mood lighting scenario informa-
tion within an intelligent lighting control ballast or power
supply. This allows installation in a platform, without any
re-wiring of that platform, and provides sophisticated light-
ing scenarios.

In an exemplary implementation, fluorescent lamp bal-
lasts and LED power sources will be equipped with a PIC
microcontroller containing a minimum of 64 kB of non-
volatile EEPROM memory which can be re-programmed via
a serial interface. This non-volatile memory will be used to
contain tables of mood lighting scenario data. This scenario
data can then be executed via simple external control signals
or serial commands. The scenario data takes the form of one
or more scripts.

Further, in the exemplary implementation, four tiers of
control implementation will be available with each ballast or
power supply, depending on the customer’s needs and the
desired complexity of the installation. Contemplated control
implementations include the following:

a) Control Mode 1, Analog Control (FIG. 4)—This con-
trol mode does not make use of scenario data stored within
the ballast or power supply. Control of lighting amplitude is
achieved via an external controller which provides a variable
analog voltage of 0-5 VDC or 5-10 VDC. In addition to the
dim control signal, there is a digital on/off control signal. In
FIG. 4, simple analog control panel 60 provides dim control
signal 66 and on/off control signal 68. Lighting controllers
and lighting loads are indicated at 62 and 64, respectively.

b) Control Mode 2 (FIG. 5)—In this control mode,
existing on/off or dim control signals will be used to initiate
a single, pre-programmed scenario sequence. For example,
the power supply is commanded to the “ON” condition. The
power supply over a period of time, brings the amplitude of
the lighting from 0% to 100% (e.g. 10 minutes). Next, the
power supply is commanded to the “OFF” condition. The
power supply then brings the amplitude of the lighting from
100% to 0% over a period of time (e.g. 1 minute). In FIG.
5, simple analog control panel 70 provides dim control
signal 76 or on/off control signal 78 to initiate a single,
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pre-programmed scenario sequence. Lighting controllers
and lighting loads are indicated at 72 and 74, respectively.

¢) Control Mode 3 (FIG. 6)—In this control mode,
existing on/off or dim control signal lines will be used to
implement a very low speed, one-wire serial interface. The
control console for the platform; an on/off switch and a dim
switch, is replaced with a simple control panel which emits
low baud rate serial data streams when operator control
buttons are pushed. Operator control buttons would include
such features as:

(1) Manual dim control

(2) Zone command control

(3) Scenario selection

(4) Scenario start and stop

(5) Pause and Resume

(6) On and Off

This mode of control allows fairly elaborate mood light-
ing control sequences to be initiated with an extremely
simple, low cost, control device. This mode of control can
also be retrofitted to a platform with virtually no costly
re-wiring. In FIG. 6, one-wire controller 80 provides a serial
control stream over the on/off or dim control signal line 86
and 88, respectively. Lighting controllers and lighting loads
are indicated at 82 and 84, respectively.

d) Control Mode 4/Full Serial Control (FIG. 7)—In this
control mode, ballast or power supply control is via an
RS-485, half-duplex, serial link. This control mode allows
for full control of pre-programmed mood lighting scenarios,
power supply status monitoring, and re-programming of
mood lighting sequence data. Control is via a dedicated
control device, or a PC based controller running a GUI
program. This control mode requires the platform to be fitted
with suitable serial cabling. In FIG. 7, RS-485 serial con-
troller 90 provides signals over bus 96. Lighting controllers
and lighting loads are indicated at 92 and 94, respectively.

Each ballast or power supply, in preferred embodiments,
will contain a real time clock (RTC) device with power
failure backup. This timing device will be used to re-
synchronize multiple power supplies executing a mood
lighting scenario in the event of a momentary power inter-
ruption. This is particularly important in the case of Control
Modes 2 and 3.

It is appreciated the multiple control interface architecture
is made possible by the fact that each light controller
contains intelligence, forming a distributed architecture. In
this way, more sophisticated approaches such as Control
Mode 3 and Control Mode 4 only require that brief, infre-
quent command scripts need to be sent to the distributed
nodes to initiate complex lighting control scenarios.

It is appreciated that a particular advantage of Control
Mode 3 is that existing platform or architectural wiring may
be used, reducing implementation costs and accelerating the
retrofit process. The Control Mode 3 architecture forms an
intermediate lighting control solution between the simple
hardware control strategy (Control Mode 2) and the full
serial control strategy (Control Mode 4). Using the Control
Mode 3 strategy, a large variety of lighting scenarios can be
selected from a simple control panel. By contrast, using
Control Mode 2, a limited number of lighting scenarios can
be initiated using existing dim control or on/off control lines.

In the one-wire interface approach (Control Mode 3),
there is the possibility that lighting nodes (fluorescent bal-
last, LED controllers, etc.) could potentially become unsyn-
chronized from one another in the event of a momentary
power interruption. This situation is addressed by providing
a power-fail realtime clock (RTC) device as a part of the
distributed microprocessor control architecture. In the event
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of a transient or power interruption during scenario execu-
tion, the power-fail RTC device will provide a method
whereby each of the individual nodes can be resynchronized
to the existing scenario execution, without starting over at
the beginning of the script or at a random point in execution.

While embodiments of the invention have been illustrated
and described, it is not intended that these embodiments
illustrate and describe all possible forms of the invention.
Rather, the words used in the specification are words of
description rather than limitation, and it is understood that
various changes may be made without departing from the
spirit and scope of the invention.

What is claimed is:

1. A lighting control system comprising:

a plurality of light controllers, each light controller con-
taining a microprocessor-based intelligence such that
the plurality of light controllers form a distributed
architecture, the microprocessor-based intelligence
being operative to store, calculate, and execute com-
plex lighting scenarios,

wherein each light controller is configured with a lighting
control script and the microprocessor-based intelli-
gence executes the lighting control script during opera-
tion, whereby the lighting control script directs the
control of the lighting, wherein the lighting control
script is sufficiently detailed and the light controller is
sufficiently intelligent so as to allow the light controller
to control lighting without the necessity of having a
present external control architecture wherein each light
controller includes a power-fail safe real time clock
(RTC) device for allowing resynchronization of the
plurality of light controllers to an existing scenario
execution.

2. The system of claim 1 wherein at least one of the light

controllers includes a fluorescent lamp ballast.

3. The system of claim 1 wherein at least one of the light
controllers includes a light emitting diode (LED) power
source.

4. The system of claim 1 wherein the plurality of light
controllers are configured so as to collectively control light-
ing over a wide area in accordance with a desired lighting
scenario.

5. The system of claim 1 wherein each light controller has
a hardware address provided during manufacturing.

6. The system of claim 1 wherein each light controller
includes at least one signal input, wherein the light controller
supports the modification of the lighting conditions in
response to external events as determined from the at least
one signal input.

7. A lighting control method comprising:

providing a plurality of light controllers, each light con-
troller containing a microprocessor-based intelligence
such that the plurality of light controllers form a
distributed architecture, the microprocessor-based
intelligence being operative to store, calculate, and
execute complex lighting scenarios,

wherein each light controller is configured with a lighting
control script and the microprocessor-based intelli-
gence executes the lighting control script during opera-
tion, whereby the lighting control script directs the
control of the lighting, wherein the lighting control
script is sufficiently detailed and the light controller is
sufficiently intelligent so as to allow the light controller
to control lighting without the necessity of having a
present external control architecture wherein each light
controller includes a power-fail safe real time clock
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(RTC) device for allowing resynchronization of the
plurality of light controllers to an existing scenario
execution.

8. The method of claim 7 further comprising:

controlling a selected light controller, including com-
manding the selected light controller via a multi-wire
serial link.

9. The method of claim 7 further comprising:

configuring the plurality of light controllers so as to
collectively control lighting over a wide area in accor-
dance with a desired lighting scenario.

10. The method of claim 9 further comprising:

providing a master controller;

providing a communications network providing a com-
munication path between the master controller and the
plurality of light controllers; and

sending a lighting control script from the master control-
ler to a selected light controller, the lighting control
script defining light controller operation within an
overall lighting scheme.

11. The method of claim 10 further comprising:

sending a direct command from the master controller to
the selected light controller.
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12. The method of claim 10 further comprising:

designating a group of light controllers as a zone; and

sending the lighting control script from the master con-
troller to each light controller in the group designated
as the zone.

13. The method of claim 10 further comprising:

designating a group of light controllers as a zone; and

sending a direct command from the master controller to
each light controller in the group designated as the
zone.

14. The method of claim 10 wherein the master controller
contains software operable to provide a lighting scheme
editor and a lighting scheme compiler.

15. The method of claim 7 further comprising:

controlling a selected light controller wherein the selected

light controller is programmed for a scenario sequence,
including commanding the selected light controller to
the “on” condition via a digital control input to initiate
the scenario sequence.

16. The method of claim 7 further comprising:

controlling a selected light controller, including com-

manding the selected light controller via a one-wire
serial interface.



