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SYSTEMS AND METHODS FOR
SYNCHRONIZING LIGHTING EFFECTS

CROSS REFERENCES TO RELATED
APPLICATION

This application claims the benefitunder 35 U.S.C. §120 as
a continuation (CON) of U.S. Non-provisional application
Ser. No. 10/143,549, filed May 10, 2002 now U.S. Pat. No.
6,801,003, entitled “Systems and Methods for Synchronizing
Lighting Effects.”

Ser. No. 10/143,549 in turn claims the benefit of U.S.
provisional application Ser. No. 60/290,101, filed May 10,
2001, entitled “SYSTEMS AND METHODS FOR SYN-
CHRONIZING ILLUMINATION SYSTEMS.”

Ser. No. 10/143,549 also claims the benefit under 35
U.S.C. §120 as a continuation-in-part (CIP) of the following
U.S. non-provisional applications:

Ser. No. 10/040,253, filed Oct. 25, 2001 now U.S. Pat. No.
6,781,329, entitled METHODS AND APPARATUS FOR
ILLUMINATION OF LIQUIDS;

Ser. No. 10/040,291, filed Oct. 25, 2001 now U.S. Pat. No.
6,936,978, entitled METHODS AND APPARATUS FOR
REMOTELY CONTROLLED ILLUMINATION OF LIQ-
UIDS;

Ser. No. 10/040,292, filed Oct. 25, 2001, entitled LIGHT
SOURCES FOR ILLUMINATION OF LIQUIDS;

Ser. No. 10/040,266, filed Oct. 25, 2001 now U.S. Pat. No.
6,774,584, entitled METHODS AND APPARATUS FOR
SENSOR RESPONSIVE ILLUMINATION OF LIQUIDS;

Ser. No. 10/045,629, filed Oct. 25, 2001 now U.S. Pat. No.
6,967,448, entitled METHODS AND APPARATUS FOR
CONTROLLING ILLUMINATION;

Ser. No. 10/040,252, filed Oct. 25, 2001 now U.S. Pat. No.
6,869,204, entitled LIGHT FIXTURES FOR ILLUMINA-
TION OF LIQUIDS;

Ser. No. 09/805,368, filed Mar. 13, 2001 now U.S. Pat. No.
7,186,003, entitled LIGHT-EMITTING DIODE BASED
PRODUCTS; and

Ser. No. 09/805,590, filed Mar. 13, 2001 now U.S. Pat. No.
7,064,498, entitled LIGHT-EMITTING DIODE BASED
PRODUCTS.

Each of the foregoing applications is hereby incorporated
herein by reference.

FIELD OF THE INVENTION

The invention generally relates to light emitting diode
devices. More particularly, various embodiments of the
invention relate to illumination systems and methods for con-
trolling such systems.

DESCRIPTION OF RELATED ART

There are specialized lighting systems that can be arranged
to provide color-changing lighting effects (e.g. color-chang-
ing LED lighting systems or lighting systems with moving
filters or the like). Some such systems may be arranged in a
network configurations to generate coordinated lighting
effects. Lighting systems to generate coordinated lighting
effects typically are popular in theater lighting and are also
becoming popular in other venues where color changing
lighting effects are desirable. There are also color changing
lighting systems that are not associated with a network. Such
systems may include a number of lighting components that
may not be synchronized.
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2
SUMMARY OF THE INVENTION

An embodiment of the present invention is a lighting appa-
ratus. The lighting apparatus comprises a processor wherein
the processor is configured to control a color-changing light-
ing effect generated by the lighting apparatus; wherein the
processor is further configured to monitor an operating power
source; and wherein the processor is further configured to
synchronize the color-changing lighting effect in coordina-
tion with a parameter of the operating power source.

An embodiment of the present invention is a lighting appa-
ratus. The lighting apparatus comprises a processor wherein
the processor is configured to execute a program to control a
lighting effect generated by the lighting apparatus; the pro-
cessor is further configured to monitor an operating power
source; and the processor is further configured to synchronize
the execution of the program in coordination with a parameter
of the operating power source.

An embodiment of the present invention is a lighting appa-
ratus. The lighting apparatus comprises a processor wherein
the processor is configured to control a lighting effect gener-
ated by the lighting apparatus; the processor is further con-
figured to monitor a parameter of an operating power source;
and the processor is further configured to synchronize the
lighting effect in coordination with the parameter.

An embodiment of the present invention is a method of
generating a lighting effect. The method comprises the steps
of: providing an lighting apparatus; providing power to the
lighting apparatus; causing the lighting apparatus to monitor
at least one parameter of the power provided to the lighting
apparatus; and causing the lighting apparatus to generate a
color changing lighting effect in sync with the at least one
parameter.

An embodiment of the present invention is a lighting appa-
ratus. The lighting apparatus comprises a processor wherein
the processor is configured to execute a program to control a
lighting effect generated by the lighting apparatus; the pro-
cessor is further configured to receive a synchronizing signal
from an external source; and the processor is further config-
ured to synchronize the execution of the program in coordi-
nation the synchronizing signal.

BRIEF DESCRIPTION OF THE FIGURES

The following figures depict certain illustrative embodi-
ments of the invention in which like reference numerals refer
to like elements. These depicted embodiments are to be
understood as illustrative of the invention and not as limiting
in any way.

FIG. 1 is a lighting apparatus according to the principles of
the present invention.

FIG. 2 illustrates an environment with lights according to
the principles of the present invention.

FIG. 3 illustrates an environment with lights according to
the principles of the present invention.

FIG. 4 illustrates an environment with lights according to
the principles of the present invention.

DETAILED DESCRIPTION

The description below pertains to several illustrative
embodiments of the invention. Although many variations of
the invention may be envisioned by one skilled in the art, such
variations and improvements are intended to fall within the
compass of this disclosure. Thus, the scope of the invention is
not to be limited in any way by the disclosure below.
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Applicants have recognized and appreciated that there are
lighting applications in which it may be desirable to coordi-
nate the light output of multiple light sources that are not
necessarily configured in a network environment, as dis-
cussed above. For example, it may be desirable to change all
the non-networked lights in a room or section of a room
simultaneously so they are the same color at any one time but
continually changing at a particular rate. Such an effect is
termed a “color wash.” A color wash might provide the fol-
lowing sequence: red to orange to yellow to green to blue to
orange and so on. Upon power-up, all the lights may initiate
the same state and the color wash may appear synchronized.
If the color wash speed is relatively slow and the duration of
the cycle through the wash is significant, say a minute or
more, than the lights will appear synchronized. But the
appearance is deceiving; there is no coordinating signal to
insure that the lights are, in fact, synchronized. The scheme
depends on the independent internal clocks staying in syn-
chronization and some event to start the effect, typically
power-up. Over time, the lights become out of phase with one
another and may no longer be synchronous. This is due to
slight variations over time, or drift, in the timing elements
common to all microprocessor circuits. These elements are
subject to variation because of the manufacturing process,
temperature variations etc. This drift, while slow, is observ-
able, and if the timing of the events controlled by the micro-
processor is rapid, it will be evident within tens of minutes or
certainly within hours.

It should be appreciated that the above discussion of a
“color-wash” lighting effect is for purposes of illustration
only, and that any of a variety of lighting effects may be
subject to similar synchronization issues. In view of the fore-
going, Applicants have recognized and appreciated that it
would be useful to provide lighting systems that can produce
synchronized lighting effects without necessarily requiring a
network configuration.

Accordingly, one aspect of the present invention is directed
to a lighting system that generates synchronized lighting
effects. In an embodiment, the lighting system monitors a
power source and synchronizes the lighting effects it gener-
ates with a parameter of the power source. For example, the
lighting system may be attached to an A.C. power source and
the lighting system may include a processor configured to
execute a lighting program. The timing of the program execu-
tion may be coordinated with the frequency ofthe A.C. power,
voltage or current. In an embodiment, the lighting system
may coordinate the lighting effect with a transient parameter
of the power source or other randomly, periodically or other-
wise occurring parameter of the power source. This provides
for a synchronized lighting effect without the need for net-
work communication. In an embodiment, the lighting system
may include one or more pre-programmed lighting effects
and a user interface for selecting one of the lighting effects.
Once the effect has been selected, the processor may execute
the program in coordination with a parameter of the power
source, causing a synchronized generation of the lighting
effect.

In one embodiment, a lighting system according to the
present invention generates lighting effects in coordination
with a reference value. In one aspect, several such lighting
systems may be associated with a power source and all of the
systems would be coordinated with one another because they
would be coordinated with a parameter of the power source.
For example, you could attach several lighting systems to a
power source in a hallway. Each of the lighting systems may
be monitoring and coordinating the execution of their lighting
effects with the power source such that each of them is pro-
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4

ducing the effects in coordination with one another. Each of
the lighting systems may be generating a color wash and the
color wash effects from each of the lighting systems will
remain in sync.

Another aspect of the present invention is an adjustable
timing circuit configured to change the timing of the genera-
tion of a lighting effect. In an embodiment, a timing circuit is
associated with a user interface such that a user can adjust the
timing of the generation of the lighting effect. For example,
several lighting systems may be associated with a power
source in a hallway and each system may be set to a color
wash effect. A user may adjust the timing of each of the
several systems to begin the execution of the lighting program
atadifferent time. The systems further down the hallway may
be adjusted with a increasing delay such that the color wash is
offset by certain amounts as the systems progress down the
hall. This would result in a staggered effect, and in the case of
the staggered color wash, a washing rainbow down the hall-
way. The timing could be arranged such that, for example, as
the first lighting system cycles through blue into the next
color, the second system is cycling into blue. In an embodi-
ment, the timing circuit may be provided with a substantially
continuous variable timing. In an embodiment, the timing
circuit may be provided with predetermined offsets of time
periods. Another example of a useful or desirable lighting
effect that appears to pass from one lighting system to another
is a “chasing effect.” The chasing effect may appear to pass a
red light, for example, from a first light to a second light to a
third. The timing of the generation of the red light may be
synchronized via systems according to the principles of the
present invention. So, a first light may generate red light for a
predetermined time, five seconds or a number of sync cycles
or the like. During this period, a second light may be off (i.e.
generating no effect) and following this period, the second
light may generate the red lighting effect for the same period.
This effect may appear to propagate through many lighting
systems and appear to be chasing the red light down a hall-
way, for example. In an embodiment, there may be a delay
imposed between two lighting systems generating the effect.
For example, the program the lighting system is executing
may generate the delay period such that it does not generate
the red lighting effect until two seconds or a number of cycles
have passed. In another embodiment, a user adjustable timer
may be used to generate the delay. The adjustment may be
used to create the appearance that it took time to pass the red
lighting effect from a first lighting system to a second and so
on.

In an embodiment, an adjustable timing circuit may be
used to compensate for phase or frequency differences in a
given installation. For example, a room may be provided with
several electrical outlets supplied by one phase of an A.C.
power distribution system and several outlets supplied by
another phase of the A.C. power distribution. The timing
circuit may be configured to be adjusted to compensate for the
phase difference such that the timing of the lighting effects
from lighting systems on the two phases are in sync.

While many of the embodiments herein teach of synchro-
nizing the generation of lighting effect, such as a color chang-
ing lighting effect, in an embodiment, the synchronization
function may be used to synchronize other events as well. For
example, the lighting system may be configured to generate a
lighting effect at a given time and the time may be measured
using the synchronization signal. For example, there may be
several lighting systems in an installation and they may be
generating a continuously color changing effect in sync. The
several lighting systems may be programmed to change
modes, into a fixed color mode for example, after they have






