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STAGE LIGHT SYSTEM FOR
SYNCHRONIZED OPERATION OF SHOW

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priorities from Chinese
Application No. CN 202310794246.X filed on Jun. 30,
2023, all of which are hereby incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention relates to the technical field of stage
lights, and more particularly, relates to a stage light system
for synchronized operation of a show.

BACKGROUND

The current commercial stage lights are substantially
controlled based on a DMXS512 protocol. Such protocol is
realized in a form of broadcasting by a console. In a stage
performance with such stage lights, the show display of
different lights is usually executed sequentially with the aid
of a timer. Accordingly, the console is unable to know the
state of the lights. When a plurality of lights are required to
start a show at the same time, if the protocol packet received
by one of the lights gets lost, the show start time thereof will
be later than that of other lights, resulting in that the plurality
of stage lights will appear to display the show out of
synchronization. However, the current console generally
cannot automatically adjust the show display to be synchro-
nized, due to lack of a feedback mechanism in the control
system.

SUMMARY

The present invention thus provides a stage light system
for synchronized operation of a show, which can realize
synchronized operation of the show among a plurality of
stage lights.

According to the present invention, a stage light system
for synchronized operation of a show includes a plurality of
stage lights and a controller for controlling the stage lights.
In the present invention, each stage light has an ad hoc
network module. A local area network (LAN) is established
among at least a portion of the stage lights with the help of
the ad hoc network module thereof under the control of the
controller, in such LAN one of the stage lights is selected as
a master node, and the rest of the stage lights in the LAN are
taken as follower nodes. It is configured that all of the stage
lights in the LAN performs time synchronization, the current
show frame information of the master node is sent to the
follower nodes, and the follower nodes adjusts their own
show frames according to the current show frame informa-
tion of the master node.

According to the stage light system for synchronized
operation of the show in the present invention, by equipping
each stage light with the ad hoc network module, the LAN
is established, so that the stage lights in the LAN can
communicate with each other and the time of the stage lights
as the follower nodes can be consistent with the time of the
stage light as the master node to achieve time consistency of
all the stage lights in the LAN. Meanwhile, the follower
nodes can adjust their own show frame according to the
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current show frame information of the master node, thereby
achieving synchronous operation of the show for the stage
lights in the LAN.

In the present invention, in order to coordinate the master
node in consistency with the follower nodes in a beneficial
way and avoid a conflict in the logic of the follower nodes
due to simultaneous receipt of commands from the control-
ler and the master node, it is configured that after the LAN
is established, all the follower nodes are made to be in a
pending synchronization state, and the follower nodes in the
pending synchronization state are designed to keep silence
on a signal sent from the controller and only have response
to the signal from the master node.

In particular, show data to be displayed by the stage lights
is forwarded to the follower nodes through the master node
by the controller according to the present invention. As the
show data is gradually sent by the controller during the
process of displaying the show by the stage lights, it thus
enables better synchronization of the show of the follower
nodes with the show of the master node by forwarding the
show data through the master node and as well avoids data
interference with the follower nodes from the controller.

It is beneficial to facilitate automatically maintaining
consistency of the show frame of the follower nodes and the
master node by adjusting time of the follower nodes in real
time to keep the time difference with the master node within
a preset value range. According to the present invention,
each follower node, after receiving the current show frame
information of the master node, is configured to feedback
respective current show frame information to the master
node, and the master node can determine whether the time
difference between the show frame of each follower node
and the show frame of the master node is greater than a
preset value, if yes, the time of the corresponding follower
node is re-synchronized, and the show frame thereof will be
updated according to the synchronized time; and if not, the
current show frame of each follower node keeps unchanged.

Particularly, when the time difference between the show
frame of a certain follower node and the show frame of the
master node is greater than a preset value, such follower
node is firstly synchronized its show frame according to the
current show frame information of the master node, then the
time of the follower node is re-synchronized and the show
frame thereof is further updated according to the synchro-
nized time. By synchronizing the show frame of the follower
node according to the current show frame information of the
master node, the follower node can be made to keep up with
the rhythm of the master node as soon as possible. Based on
this, the time of the follower node is further re-synchronized
and the show frame is updated according to the synchro-
nized time, thus ultimately realizing the complete consis-
tency of the show frame between the follower nodes and the
master node.

Given that all the follower nodes can receive information
from the master node, using the time of the master node as
a reference can facilitate controlling of the time of all the
follower nodes to make the time of the entire LAN consis-
tent. Therefore, in the time synchronization, the time of the
master node is used as a reference according to the present
invention.

As WIFI module or Bluetooth module is a common type
of'ad hoc network module in stable performance and mature
technology. The ad hoc network module in the present
invention may preferably be in form of a WIFI module or a
Bluetooth module.

In the present invention, a networking module is further
included and the LLAN is connected to the Internet through



US 12,477,641 B2

3

the networking module. In such way, the state, effect, etc. of
the stage lights can be uploaded to the Internet, or com-
mands from the Internet can be received by the LAN,
leading to the stage light system in more powerful perfor-
mance.

The present invention can indicate the user to note
whether the LAN established is correct or not by automati-
cally flickering the stage light once receiving the ad hoc
network flag. In particularly, the controller, when controlling
at least a portion of the plurality of the stage lights to
establish the LAN via the respective ad hoc network module,
may send an ad hoc network flag to the corresponding stage
light, and the corresponding stage light automatically flick-
ers after receiving the ad hoc network flag and establishes
the LAN via the ad hoc network module.

The master node is preferably determined based on the
RSSI (signal strength of a received signal strength indica-
tion) signal strength. In such way, it can ensure that the stage
light selected as the master node has the highest integrated
signal strength in all the follower nodes in comparison to the
other stage lights as the master nodes, thereby facilitating
data transmission.

In the present invention, the show frame information
preferably refers to the time point of the show. That is, the
show frame information transmitted between the master
node and the follower nodes is the time point of the show,
indicating at which stage the show is running.

In particular, the controller may be a DMX512 (Digital
Multiple X 512) console. Therefore, without altering the
existing console, the information exchange between all the
stage lights and the synchronized operation of the show of
the stage lights can be achieved simply with the arrangement
of the ad hoc network module on the stage lights.

In the present invention, the stage lights establishing the
LAN can be from a plurality of links, or all of them can be
from one of the links, and the master node can/cannot be
located on the same link as any of the follower nodes. For
this, the controller may be connected to a plurality of links,
each of the links is provided with at least one stage light, and
each of the stage lights is provided with the ad hoc network
module.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a stage light system for
synchronized operation of a show according to an embodi-
ment of the present invention;

FIG. 2 is a flowchart of the operation of a stage light
system according to an embodiment of the present inven-
tion; and

FIG. 3 is a flowchart of a stage light system according to
an embodiment of the present invention, showing how the
time of a follower node is adjusted in real time.

DETAILED DESCRIPTION

The accompanying drawings are for exemplary illustra-
tion only, and should not be construed as limitations on this
invention; in order to better illustrate this embodiment, some
parts in the accompanying drawings may be omitted,
enlarged or reduced, and they do not represent the size of the
actual product; for those skilled in the art, it is understand-
able that certain well-known structures and descriptions
thereof in the drawings may be omitted. The positional
relationship described in the drawings is only for exemplary
illustration, and should not be construed as limitations on
this invention.
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Referring to FIG. 1 and FIG. 2, a stage light system for
synchronized operation of a show is provided according to
an embodiment of the present invention, which includes a
plurality of stage lights 200 and a controller 100 for con-
trolling the stage lights 200. In the present embodiment,
each stage light 200 has an ad hoc network module 300. A
LAN 400 thus is established among at least a portion of the
stage lights 200 with the help of the ad hoc network module
300 thereof under the control of the controller 100, in such
LAN 400 one of the stage lights 200 is selected as a master
node 410 and the rest of the stage lights 200 are taken as a
plurality of follower nodes 420. All of the stage lights 200
in the LAN 400 are configured to perform time synchroni-
zation and enable the current show frame information of the
master node 410 to send to the follower nodes 420 and
further enable the follower nodes 420 to adjust the show
frame thereof according to the current show frame informa-
tion of the master node 410.

According to the stage light system for synchronized
operation of the show, by equipping each stage light 200
with the ad hoc network module 300, the LAN 400 is
established, so that the stage lights 200 in the LAN 400 can
communicate with each other and the time of the stage lights
200 as the follower nodes 420 can be consistent with the
time of the stage light 200 as the master node 410 to achieve
time consistency of all the stage lights 200 in the LAN 400.
Meanwhile, the follower nodes 420 can adjust their own
show frame according to the current show frame information
of the master node 410, thereby achieving synchronous
operation of the show for the stage lights 200 in the LAN
400.

It should be noted that the synchronized operation of the
show for the stage lights 200 within the LAN 400 described
means that the show of each stage light 200 in the LAN 400
is displayed in accordance with a uniform time, rather than
the show frames of the individual stage lights 200 in the
LAN 400 are the same at the same time. This is because the
show frames of the individual stage lights 200 may or may
not be the same at the same time in a show, but they required
to be displayed sequentially in an established order to
demonstrate the intended effects, and cannot to be displayed
with some in advance and some delayed, which may deviate
from the intended effects.

Of course, the LAN 400 may also include all of the stage
lights 200 provided with the respective ad hoc network
module 300 according to other embodiments.

In a preferred embodiment of the present invention, the
show frame information preferably refers to the time point
of the show. That is, the show frame information transmitted
between the master node 410 and the follower nodes 420 is
the time point of the show, indicating at which stage the
show is running.

Optionally, the time point of the show may be a custom-
ized time within the LAN 400, or may be Beijing time or an
official time anywhere in the world.

According to other embodiments, the show frame infor-
mation may also be a parameter of a lighting effect displayed
by the show frame. In such case, the time point of the show
is indirectly deduced according to the parameter of the
lighting effect.

In a preferred embodiment of the present invention, after
the LAN 400 is established, all the follower nodes 420 are
in a pending synchronization state, and the follower nodes
420 in the pending synchronization state are configured to
keep silence on a signal sent by the controller 100 and only
have response to the signal from the master node 410. In this
way, it is beneficial for the master node 410 to coordinate the
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follower nodes 420 to be consistent therewith and avoids a
conflict in the logic of the follower nodes 420 due to
simultaneous receipt of commands from the controller 100
and the master node 410. In fact, the signal sent by the
controller 100 is always sent to all the stage lights 200 within
the LAN 400.

In particular, the follower nodes 420 are made to be all in
the pending synchronization state in a way that the controller
100 sends a pending synchronization command to all the
stage lights 200 within the LAN 400, the follower nodes 420
all entering in the pending synchronization state and mean-
while the master node 410 knowing that the follower nodes
420 are already in the pending synchronization state based
on the pending synchronization command.

Subsequent to the follower nodes 420 being all in the
pending synchronization state, when the master node 410
sends out a synchronization command (at this time the
controller 100 also sends a synchronization command to all
the stage lights 200 within the LAN 400, but only the master
node 410 responds and sends the corresponding synchroni-
zation command to the follower nodes 420), each follower
node 420 starts to adjust its own show frame according to the
current show frame information of the master node 410,
thereby achieving the effect of synchronized operation of the
show for the stage lights 200 within the LAN 400.

In a preferred embodiment of the present invention, the
show data to be displayed by the stage lights 200 is for-
warded to the follower nodes 420 through the master node
410 by the controller 100. As the show data is gradually sent
by the controller 100 during the process of displaying the
show by the stage lights 200, forwarding the show data
through the master node 410 enables better synchronization
of the show of the follower nodes 420 with the show of the
master node 410 and as well avoids data interference with
the follower nodes 420 from the controller 100.

Referring to FIG. 3, in a preferred embodiment of the
present invention, each follower node 420, after receiving
the current show frame information of the master node 410,
feeds back current show frame information thereof to the
master node 410, and the master node 410 determines
whether the time difference between the show frame of each
follower node 420 and the show frame of the master node
410 is greater than a preset value, if yes, the time of the
corresponding follower node 420 is re-synchronized and the
show frame thereof will be updated according to the syn-
chronized time; and if not, the current show frame of each
follower node 420 keeps unchanged. As known, the stage
lights 200 generally relies on its own crystal oscillator to
provide time indication during its operation, but the preci-
sion of the crystal oscillator of the stage lights 200 is usually
limited, which may cause that the deviation between each
other after a period of operation will obviously affect the
synchronization of the show frame of different stage lights
200 (the crystal oscillator error is generally around 10 us to
1 ms, and the naked eye can be aware of out of synchroni-
zation in more than 20 ms). Therefore, respective current
show frame information of the follower nodes 420 is fed
back to the master node 410 and the show frame time
difference with the master node 410 is further calculated in
the present embodiment, so that in the process of displaying
the show by the stage lights 200, the time of the follower
nodes 420 can be adjusted in real time to keep the time
difference with the master node 410 within a preset value
range, thus facilitating automatically maintaining consis-
tency of the show frame of the follower nodes 420 and the
master node 410.

Optionally, the preset value is preferably 5 ms.

In particular, when the time difference between the show
frame of a certain follower node 420 and the show frame of
the master node 410 is greater than a preset value, such
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6

follower node 420 is firstly synchronized its show frame
according to the current show frame information of the
master node 410, then the time of the follower node 420 is
re-synchronized and the show frame is updated according to
the synchronized time, i.e., the show frame corresponding to
the synchronized time. By synchronizing the show frame of
the follower node 420 according to the current show frame
information of the master node 410, the follower node 420
can be made to keep up with the rhythm of the master node
410 as soon as possible. In this case, by further re-synchro-
nizing the time of the follower node 420 and updating the
show frame thereof according to the synchronized time,
complete consistency of the show frame between the fol-
lower node 420 and the master node 410 can be ultimately
realized.

In the time synchronization, the time of the master node
410 is used as a reference according to a preferable embodi-
ment. Given that all the follower nodes 420 can receive
information from the master node 410, using the time of the
master node 410 as a reference can facilitate controlling of
the time of all the follower nodes 420 to make the time of
the entire LAN 400 consistent.

It should be noted that in the time synchronization, the
controller 100 broadcasts the time to all the stage lights 200
within the LAN 400, but only the master node 410 responds
to send the time to the follower node 420.

The ad hoc network modules 300 may be in wired
connection, wireless connections, or a combination of wire-
less and wired connections with each other. More preferably
the ad hoc network module 300 is a WIFI module or a
Bluetooth module, which can reduce connecting cables
between the stage lights 200. Such ad hoc network module
300 is a common type of ad hoc network module with stable
performance and mature technology.

The stage lights 200 can communicate with the respective
ad hoc network module 300 via an RS485 protocol.

In a preferred embodiment of the present invention, a
networking module 500 is further included, and the LAN
400 is connected to the Internet through the networking
module 500. In such way, the state, effect, etc. of the stage
lights 200 can be uploaded to the Internet, or commands
from the Internet can be received by the LAN, thus making
the stage light system more powerful in terms of perfor-
mance.

Preferably, the networking module 500 is connected to the
ad hoc network module 300 of the main node 410.

In a preferred embodiment of the present invention, the
controller 100, when controlling the at least a portion of the
plurality of the stage lights 200 to establish the LAN 400 via
the respective ad hoc network module 300, may send an ad
hoc network flag to the corresponding stage light 200, and
the corresponding stage light 200 automatically flickers after
receiving the ad hoc network flag and establishes the LAN
400 via the ad hoc network module 300. The configuration
of'the stage light 200 automatically flickering once receiving
the ad hoc network flag can indicate the user whether the
LAN 400 established is correct.

In a preferred embodiment of the present invention, the
master node 410 is determined based on the RSSI signal
strength. In such way, it ensures that the stage light 200
selected as the master node 410 has the highest integrated
signal strength in all the follower nodes 420 in comparison
to the other stage lights 200 as the master node 410, which
facilitates data transmission. Determining the master node
410 based on the RSSI signal strength is conducted by
comparing the signal strength between any two stage lights
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200 and comprehensively calculating to obtain the optimal
solution, which is well known in the prior art and will not be
further described herein.

Preferably, the processing capacity of the processor of the
stage light 200 as the master node 410 is greater than that of
the stage lights 200 as the follower nodes 420, thereby
further facilitating data processing.

In a preferred embodiment of the present invention, the
controller 100 is a DMX512 console. Therefore, without
altering the existing console, information exchange between
all the stage lights 200 and the synchronized operation of the
show of the stage lights 200 can be achieved simply with the
ad hoc network module 300 of the stage lights 200 provided.

In particular, the DMX512 console is in wired connection
to the stage light 200 via a cable.

In a preferred embodiment of the present invention, the
controller 100 is connected to a plurality of links, each of the
links is provided with at least one stage light 200, and each
of the stage lights 200 is provided with the ad hoc network
module 300. As such, the stage lights 200 establishing the
LAN 400 may be from several links, or all of them may be
from one of the links, and the master node 410 may not be
located on the same link as any of the follower nodes 420,
or may be located on the same link as all of the follower
nodes 420.

Obviously, the above-mentioned embodiments of the
present invention are only examples for clearly illustrating
the present invention, rather than limiting the implementa-
tion modes of the present invention. For those of ordinary
skill in the art, changes or modifications in other different
forms can also be made on the basis of the above description.
It is not needed and it is impossible to list all implementation
modes here. Any modifications, equivalent replacements
and improvements made within the spirit and principles of
the present invention shall be included within the protection
scope of the claims of the present invention.

What is claimed is:
1. A stage light system for synchronized operation of a
show, comprising

a plurality of stage lights, each stage light has an ad hoc
network module; and

a controller for controlling the stage lights,

wherein a local area network (LAN) is established among
at least a portion of the stage lights with the help of the
ad hoc network module thereof under the control of the
controller, in such LAN one of the stage lights is
selected as a master node and the rest of the stage lights
are taken as a plurality of follower nodes,

all of the stage lights in the LAN are configured to
perform time synchronization, and send a current show
frame information of the master node to the follower
nodes and adjust respective show frames of the fol-
lower nodes according to the current show frame
information of the master node, and

subsequent to the LAN being established, all the follower
nodes are in a pending synchronization state and the
follower nodes in the pending synchronization state are
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configured to keep silence on a signal sent from the
controller, and only have response to a signal from the
master node.

2. The stage light system according to claim 1, wherein
show data to be displayed by the stage lights is forwarded to
the follower node through the master node by the controller.

3. The stage light system according to claim 1, wherein
once receiving the current show frame information of the
master node, each follower node is fed back respective
current show frame information to the master node, and the
master node is configured to determine whether time differ-
ence between the show frame of each follower node and the
show frame of the master node is greater than a preset value,

if yes, the time of the corresponding follower node is

re-synchronized, and the show frame information
thereof is updated according to the synchronized time;
and

if not, the current show frame information of each fol-

lower node keeps unchanged.

4. The stage light system according to claim 3, wherein
when the time difference between the show frame of a
certain follower node and the show frame of the master node
is greater than a preset value, such follower node is firstly
synchronized the show frame thereof according to the cur-
rent show frame information of the master node, then the
time of the follower node is re-synchronized and the show
frame is updated according to the synchronized time.

5. The stage light system according to claim 1, wherein in
the time synchronization, the time of the master node is used
as a reference.

6. The stage light system according to claim 1, wherein
the ad hoc network module is in form of a WIFI module or
a Bluetooth module.

7. The stage light system according to claim 1, further
comprising a networking module, the LAN being connected
to the Internet through the networking module.

8. The stage light system according to claim 1, wherein
when controlling the at least portion of the stage lights to
establish the LAN through the ad hoc network module, the
controller is configurated to send an ad hoc network flag to
the corresponding stage light, and the corresponding stage
light is adapted to automatically flicker once receiving the ad
hoc network flag and establish the LAN through the ad hoc
network module.

9. The stage light system according to claim 1, wherein
the master node is determined based on RSSI signal strength
(signal strength of a received signal strength indication).

10. The stage light system according to claim 1, wherein
the show frame information refers to a time point of the
show.

11. The stage light system according to claim 1, wherein
the controller is designed in form of a DMX512 console.

12. The stage light system according to claim 1, wherein
the controller is connected to a plurality of links, each of the
links is provided with at least one of the stage lights, and
each of the stage lights is provided with the ad hoc network
module.
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