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DISTRIBUTED WIRELESS INTERCOM AUDIO ROUTING OVER ETHERNET
WITH SYNCHORNIZATION AND ROAMING

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/307,995, filed March 14, 2016, entitled “DISTRIBUTED WIRELESS INTERCOM
AUDIO ROUTING OVER ETHERNET WITH SYNCHRONIZATION AND ROAMING,”

the entire contents of which are incorporated herein by reference.
BACKGROUND

[0002] The present invention relates to intercom systems that support wireless

communication devices.
SUMMARY

[0003] In one embodiment, the invention provides an intercom system in which portable
wireless beltpack devices are communicatively coupled to one of a plurality of access points.
The access points are connected directly to the intercom system via Ethernet connections and
can be daisy chained and/or routed through Ethernet switches for a direct connection. The
access points are synchronized to permit control and minimization of audio latency on the
network. The access points themselves distribute the management of data and audio and no
central controller is used. The “cellular-type” roaming of a beltpack device from one access
point to another is therefore not limited by a controller on the Ethernet between the intercom
and the access points. This results in improvements in system and installation costs,

reliability, and system complexity as well as a system that is easily scalable.

[0004] In another embodiment, the invention provides a portable wireless beltpack device
configured to identify its home “access point” when connecting to any of the plurality of
access points. If the access point determines that it is not the “home” access point for a
beltpack device that is transmitting audio, the access point forwards the received audio from
the beltpack to the beltpack’s home access point via the Ethernet connection. The beltpack’s
home access point then forwards the received audio to the intercom system. As such,
beltpacks are able to roam from one access point to another while functionality continues as

though it were always connected to its home access point.
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[0005] In yet another embodiment, the invention provides ethods and systems for
providing audio routing and roaming functionality for a wireless intercom system including a
plurality of wireless access points. A first wireless access point is configured to receive a
communication from a first wireless intercom device and identify a home access point for the
first wireless intercom device. The first wireless access point transmits audio data from the
first wireless intercom device directly to the intercom system in response to a determination
that the first wireless access point is the home access point for the first wireless device. The
audio data from the first wireless intercom device is transmitted to the intercom system
through a second wireless access point in response to a determination that the second wireless

access point is the home access point for the first wireless intercom device.

[0006] In various embodiments, the intercom system is configured to allow wireless
keypanels/beltpacks to roam between RF access points and connect on the Ethernet to an
intercom system, operate independently, or operate as a group of access points without an
intercom system. If used with an intercom system, the access points are connected directly
using standard Ethernet technology. A central server is not required to manage the wireless
keypanels/beltpacks or access points. Each keypanel/beltpack is assigned a “home” access
point and remembers its “home” access point’s electronic address. When connecting to an
access point as a “visitor,” the keypanel/beltpack sends the access point its “home” access
point’s electronic address and the access point then routes signals from the “visitor”
keypanel/beltpack through the network to the “home” access point of the keypanel/beltpack
and then, if used, to the intercom system. Therefore, beltpacks are able to roam between
access points without having to reestablish a connection from an access point audio port to an
intercom audio port. The beltpacks, access points, and intercom audio are all synchronized to
allow uniform, minimized latency of the audio signal routed between the access points and

the intercom.

[0007] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a block diagram of an intercom system with a central server for managing

and routing audio data.
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[0009] Fig. 2 is a block diagram of an intercom system that does not require a central

server for managing and routing audio data.

[0010] Fig. 3 is a flowchart of a method for routing audio data from a beltpack device

through one or more access points to the intercom system using the system of Fig. 2.

[0011] Fig. 4 is a schematic diagram of a beltpack device transmitting audio data while

connected as a visitor on a first access point.

[0012] Fig. 5 is a schematic diagram of the beltpack device of Fig. 4 transmitting audio

data while connected as a visitor on a second access point.

[0013] Fig. 6 is a schematic diagram of the beltpack device of Fig. 4 transmitting audio

data while connected to its home access point.
DETAILED DESCRIPTION

[0014] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced

or of being carried out in various ways.

[0015] Fig. 1 illustrates an example of a centralized wireless intercom system. The
system includes a plurality of portable wireless beltpack devices 101. Each beltpack device
101 connects to one of a plurality of access points 103. In some implementations, a beltpack
device 101 will connect to whichever access point 103 is currently in range or whichever
access point 103 provides the strongest connection and has an available RF channel to
accommodate a beltpack. When a user operates a beltpack device 101 to transmit audio to
the intercom system, the access point 103 receives the audio data from the beltpack and
routes the audio data packets through a central server 105. The central server 105 controls
roaming and synchronization of the audio data and forwards the received audio data to the

intercom system 107.

[0016] However, the centralized intercom system of Fig. 1 presents some limitations.
First, the cost of procuring, installing, and maintaining a centralized controller adds to the

overall cost of the system. The centralized system is not easily scalable compared to the
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decentralized system. The centralized controller also presents a single point of failure — if
there is a problem with the central server 105, then the entire wireless intercom network

becomes unusable.

[0017] Fig. 2 illustrates an example of a wireless intercom system that does not include a
central controller. Again, the portable wireless beltpack devices 201 each connect to one of a
plurality of access points 203. However, the access points 203 communicate with each other
and with the intercom system 207 through a standard Ethernet interface 205. The system of
Fig. 2 can be connected and installed using standard Ethernet signaling and cable to simply
installation, makes it universal, and reduces wiring costs. Furthermore, the access points do
not need to be connected to a single central controller and, therefore, the single point of
failure is removed. If a single access point fails, the intercom system can continue to operate

with the remaining access points.

[0018] Fig. 3 further illustrates how audio data transmitted from each beltpack is
processed by the system of Fig. 2 and ultimately transmitted to the intercom system 207.
Each beltpack device 201 is assigned a “home” access point by the user when the system is
initially set up. Each beltpack device 201 is programmed to identify its “home” access point
using an electronic address. When a beltpack device connects with an access point (step
301), it identifies its “home™ access point by the electronic address (step 303). If the access
point receiving the data from the beltpack determines that it is the “home” access point for
the beltpack (step 305), then the access point processes the received data and transmits it
directly to the intercom system through the Ethernet connection (step 307). However, if the
access point determines that the beltpack is a “visitor” (step 305), then the access point
identifies the beltpack’s “home” access point by the electronic address provided by the
beltpack and transmits the received audio data via the Ethernet connection to the beltpack’s
“home” access point (step 309). The beltpack’s “home” access point then processes the
received data and transmits it directly to the intercom system through the Ethernet connection
(step 311). As such, the beltpack is able to “roam” physically and can wirelessly transmit
audio through any of the access points of the intercom system. However, regardless of the
current location of the beltpack or the particular access point that the beltpack is currently
connected to, the intercom system receives the audio data generated by the beltpack as

though the beltpack had been connected to its “home” access point.
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[0019] Figs. 4-6 illustrate various examples of the method of Fig. 3. In these examples,
the system includes three different access points (identified as “Access Point Visitor 1,”
“Access Point Visitor 2,” and “Access Point Home”). In the example of Fig. 4, the wireless
beltpack is connected to a first access point as a “visitor” (Access Point Visitor 1) and
generates audio data to be sent to the intercom system. The first access point (Access Point
Visitor 1) receives the electronic address of the wireless beltpack’s “home” access point and
transmits the audio data from the beltpack to its “home” access point via the Ethernet
connection. The audio data is then routed by the “home” access point to the intercom system
via a fixed audio path. The intercom system likewise also transmits audio data to the access

points which then wirelessly transmits the data to be received by the appropriate beltpack.

[0020] Similarly, in the example of Fig. 5, the wireless beltpack connects to the second
access point (Access Point Visitor 2) and generates audio data to be sent to the intercom
system. The second access point is also able to identify the beltpack’s “home” access point
and forwards the audio data over the Ethernet connection to the “home” access point where it

is then routed to the intercom system via a fixed audio path.

[0021] Finally, in the example of Fig. 6, the beltpack is connected to its “home” access
point. The access point determines that it is the “home” access point for the beltpack based
on the electronic address received from the beltpack and, therefore, the access point routes

the audio data directly to the intercom system via the fixed audio path.

[0022] Although the examples illustrated in Figs. 4-6 describe system where audio data is
routed between the access points and an intercom system, in some implementations, the
system does not include any separate “intercom system.” In such implementations, the access
points are configured to interact and manage data such that audio data received from one

beltpack is transmitted to another beltpack as appropriate directly through the access points.

[0023] Thus, the invention provides, among other things, a distributed wireless intercom
system for routing audio data over Ethernet between multiple access point in order to provide
audio synchronization and roaming for connected portable wireless beltpack devices.

Various features and advantages of the invention are set forth in the following claims.



CLAIMS

What is claimed is:

1. A wireless access point for an intercom system, the wireless access point comprising:
a wireless transceiver; and
an electronic processor configured to
receive a communication from a first wireless intercom device,
identify a home access point for the first wireless intercom device,

transmit audio data from the first wireless intercom device directly to the

intercom system in response to a determination that the wireless access point is
the home access point for the first wireless intercom device,

wherein said audio data is received by the wireless access point from a
beltpack device, receive, by the wireless access point, a communication from a

second wireless intercom device;

wherein a second wireless access point transmits a second audio data

stream from the second wireless intercom device to the intercom system;

identify, by the wireless access point, a home access point for the second

wireless intercom device;

transmit, by the wireless access point, a second audio data stream from the
second wireless intercom device to a second wireless access point in response to a
determination that the second wireless access point is the home access point for

the second wireless intercom device; and

wherein the wireless access point is communicatively coupled to the
second wireless access point by an Ethernet connection, wherein the electronic
processor is configured to transmit audio data from the first wireless intercom
device to the intercom system through the second wireless access point by
transmitting the audio data from the first wireless intercom device to the second

wireless access point through the Ethernet connection;

wherein a home access point is an access point assigned by a user when

the 6 intercom system is set up for each beltpack device and is an access point



identifiable using an electronic address, and wherein each wireless intercom
device is assigned one wireless access point as a home access point for the

wireless intercom device.

2. The wireless access point of claim 1, wherein the electronic processor is

further configured to receive the second audio data stream from the second wireless access point
through the ethernet connection, wherein the second audio data stream is wirelessly received by
the second wireless access point from a second wireless intercom device, and transmit the second
audio data stream through the wireless transceiver to one or more additional wireless intercom

devices connected to the intercom system through the wireless access point.

3. The wireless access point of claim 1, wherein the electronic processor is configured to
identify the home access point for the first wireless intercom device by receiving a signal from
the first wireless intercom device identifying the home access point assigned to the first wireless

intercom device.

4. The wireless access point of claim 1, wherein the home access point assigned to the first
wireless intercom device is selected based on a location where the first wireless intercom device

is most often operated.

5. A method of routing audio stream data to an intercom system, wherein a plurality of
wireless access points comprising a first and a second wireless access point, and a plurality of
wireless intercom devices, wherein each wireless intercom device is assigned one wireless access
point of the plurality of wireless access points as a home access point for the wireless intercom
device, performs the method comprising:

receiving, by the first wireless access point, a communication from a first wireless
intercom device of the plurality of wireless intercom devices;7 wherein the second
wireless access point transmits the audio data stream from the wireless intercom device to
the intercom system identifying, by the first wireless access point, a home access point for

the first wireless intercom device;



transmitting, by the first wireless access point, a first audio data stream from the
first wireless intercom device directly to the intercom system in response to a
determination that the first wireless access point is the home access point for the first

wireless intercom device;

wherein said audio data is received by the wireless access point from a beltpack
device, receiving, by the first wireless access point, a communication from a second

wireless intercom device of the plurality of wireless intercom devices;

identifying, by the first wireless access point, a home access point for the second

wireless intercom device;

transmitting, by the first wireless access point, a second audio data stream from
the second wireless intercom device to the second wireless access point in response to a
determination that the second wireless access point is the home access point for the
second wireless intercom device; and transmitting, by the second wireless access point,
the second audio data stream from the second wireless intercom device to the intercom

system;

wherein a home access point is an access point assigned by a user when the
intercom system is set up for each beltpack device and is an access point identifiable
using an electronic address, and wherein transmitting, by the first wireless access point,
the second audio data stream from the second wireless intercom device to the second
wireless access point includes transmitting the second audio data stream from the first
wireless access point to the second wireless access point through an Ethernet connection
communicatively coupling the first wireless access point to the second wireless access
point.

6. The method of claim 5, further comprising 8 receiving, by the second wireless access
point, a communication from a third wireless intercom device of the plurality of wireless

intercom devices;

identifying, by the second wireless access point, a home access point for the third

wireless intercom device;

transmitting, by the second wireless access point, a third audio data stream from

the third wireless intercom device to the first wireless access point in response to a



determination that the first wireless access point is the home access point for the third

wireless intercom device; and

transmitting, by the first wireless access point, the third audio data stream from
the third wireless intercom device to the intercom system.

7. The method of claim 5, wherein identifying the home access point of the second wireless
intercom device includes receiving a signal from the second wireless intercom device identifying

the home access point assigned to the second wireless intercom device.

8. The method of claim 5, further comprising assigning a home access point to each wireless
intercom device of the plurality of wireless intercom devices based on a location where each

wireless intercom device of the plurality of wireless intercom devices is most often operated.



